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Government Publications and their 
Distribution. 


HEN a government takes in its own hands the 
publication of matters of scientific interest, it 
may be assumed that this is done with three distinct 
objects in view. In the first place, it wishes to bring to 
the notice of scientific workers the results of original 
researches carried out by experts in Departments under 
its control, in order that these results may form a 
foundation for further advance in knowledge. So are 
published the papers comprised in the excellent scien- 
tific reports of the Ministry of Agriculture and Fisheries 
in England, and of the Fishery Board for Scotland. Or 
it desires to bring to the notice of the public, for the 
sake of the individual and through him of the nation at 
large, the condensed wisdom of science as bearing upon 
matters of practical importance. Such is embodied in 
the pamphlets and leaflets dealing with agricultural 
pests and plant diseases, with methods of land-cultiva- 
tion and stock-raising, issued by the Ministry of Agri- 
culture and Fisheries and the Board of Agriculture for 
Scotland. Sometimes these two aims are seen to run 
side by side, as in the Journals of Agriculture published 
both by the English Ministry and Scottish Board, in 
which matters of both scientific and practical interest 
appear. 

The third object is very different from either of the 
above, its end being to inform the outside world, scien- 
tific and non-scientific, regarding the activities of 
institutions in which a general interest is taken ; it 
takes its typical form in the annual reports of such 
establishments as the British Museum, the Natural 
History Museum, and the Royal Scottish Museum. 
This last object may seem to have little of scientific 
value to commend it, but it is in reality of prime 
importance ; for institutions of the kind mentioned 
depend for many of their most valuable acquisitions 
upon the generosity of the public, and unless public 
interest is stimulated by full knowledge of progress and 
requirements, the national collections, and science, 
must in the end suffer. 

The duty of scientific publisher assumed by the 
Government does not end, however, with the printing 
of pamphlets, nor are its aims thus attained; the 
question of distribution is second only to that of print- 
ing, and it is to this that we wish particularly to direct 
attention. Every scientific worker is aware of the 
generous and even lavish free distribution of scientific 
publications carried out by Government Departments 
of the United. States of America; and one is tempted 
to speculate whether the activity and originality of 
research now apparent there may not be due in part 
to this sustained appeal to the scientific mind. 
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At no time could H.M. Government have been 
charged with a lavish or even generous distribution of 
the scientific fruits its workers have culled. It now 
appears that even the meagre distribution of former 
years is to be curtailed, and a false notion of economy 
threatens practically to abolish the free circulation of 
government publications of scientific interest. The 
new policy affects the three types of publications 
already mentioned in various ways. 

In recent years, the annual reports of the Museums 
have dwindled until they have become dry skeletons, 
scarcely worthy of distribution, and quite unworthy of 
the great national institutions they represent. Com- 
pare them with the beautifully printed and illustrated 
reports of the American State Museums. Surely this is 
not the way to encourage the free giving of the public, 
on which the American Museums and our own so largely 
depend. 

The leaflets of the English and Scottish Depart- 
ments of Agriculture were formerly sent gratis on 
publication, from a standing list, to gardeners, farmers, 
and others interested in the checkmating of pests or 
the improvement of cultivation, and the wide dis- 
tribution of these concise and generally up-to-date 
publications played a great part in combating local 
pests, and possibly in preventing the local pest from 
becoming a natienal pestilence. Now, to be received 
free each leaflet must be applied for in writing, and 
only one copy of any one leaflet is supplied gratis : 
the free circulation as a matter of routine has ceased. 

As regards research publications, the position is no 
less serious. Here also free distribution to workers 
interested in like fields has ceased, and scientific 
societies no longer receive copies in exchange for their 
own publications. Yet, curiously enough, the scien- 
tific worker in foreign countries is to be given a pre- 
ference denied to his British colleague, for foreign 
societies making exchanges are not to be placed under 
the ban. 

A still further restriction has been b..vught into force. 
The circulation of the records of scientific discovery 
has always been greatly aided through the strictly 

discriminate distribution, by the discoverer himself, 
of author’s separates; and most scientific journals 
are still willing to present an author with twenty-five 
copies or so of an original contribution. But personal 
application to government scientific workers for a 
particular separate has disclosed the fact that, at any 
rate in certain important scientific departments, the 
allowance of author’s reprints granted by Government 
is limited to three copies, though indeed if the published 
price of the pamphlet be less than one shilling he may 
have six. A joint author, provided he has contributed 
more than a third of the research, is entitled to one- 
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third of this normal allowance. Could cheese-paring 
be more ridiculous ? 

It would seem that, in the desire to save a mite, the 
Government is in danger of losing a mountain. The 
cost of a relatively small number of off-prints, once the 
type has been set up, can scarcely be compared with 
the gain likely to accrue from a wide circulation o{ 
scientific matter of practical and economic importance ; 
and in this respect the Government has duties to the 
public and the scientific world other than those of a 
publisher controlling a purely commercial undertaking. 
As the matter stands, government researches will 
continue to be made, and the results laboriously gained 
by trained and expert workers will be printed at very 
considerable cost—and then consigned to oblivion in 
the ¢old storage chambers of H.M. Stationery Office 
or some other department. 

There is no suggestion here that the Government 
should undertake wasteful distribution. It has always 
seemed to us unnecessary that when an allotment- 
holder applied for agricultural leaflets, having in mind 
garden pests, he should receive also instruction in pig- 
and poultry-keeping, in the values of farm manures, 
or in the financial affairs of agricultural co-operative 
societies. But this danger might be avoided by, let us 
say, grouping the leaflets for free distribution in dis- 
tinctive and homogeneous sections for particular classes 
of inquirers, rather than by the drastic step of abandon- 
ing altogether the method of free routine distribution. 
Perhaps, short of the generous distribution of scientific 
papers with which the United States have made us 
familiar, something might be done by the wide circula- 
tion of the periodical H.M. Stationery Office lists of 
Government publications, from which scientific societies 
or interested individuals might select and apply for 
such works as concerned their own field of activity. 

In any event, the distribution of Government publica- 

tions dealing with matters of scientific interest cannot 
remain as it stands at present; it is based upon a 
narrow idea of the importance of the spread of scientific 
knowledge, even upon a mistaken computation of the 
pecuniary value of science. How diametrically opposed 
it is to the trend of enlightened opinion in Great Britain 
is indicated by a recent decision of the Carnegie United 
Kingdom Trustees to increase still further their free 
circulation of expensive books to whatsoever individuals 
care to take up any serious study. What is wanted 
is not less facilities for making scientific knowledge 
and achievement widely known, but more. It is to 
be hoped that scientific societies will not permit the 
recent restrictions to pass unchallenged, and will unite 
to secure for the public and for scientific workers the 
fullest publicity for information of service to them as 
stimulus or as guidance. 
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The Physiology of Sex-Determination. 
The Mechanism and Physiology of Sex Determination. 


By Richard Goldschmidt.” Translated by Prof. | 


William J. Dakin. Pp.ix+259. (London: Methuen 

and Co., Ltd., 1923.) 215. net. 

YROF. GOLDSCHMIDT gives us an object-lesson 
i in the way in which a single problem, at the 
outset not apparently more important than a thousand 
others, may, if pursued to its limit, be made to yield 
results of the deepest importance and the widest 
application. 

it has long been known to entomologists that crosses 
between different species, and often also races, of Lepi- 
doptera frequently produce a number of sexually 
abnormal forms. This was the starting-point of the 
investigation which has finally enabled Goldschmidt to 
make his important contribution to the study of sex- 
determination, and indeed to the problems of differentia- 
tion in general. 

Put in the briefest possible way, we may sum up the 
results of his twelve years of work upon the sexual 
abnormalities arising in racial crosses of the Gipsy 
moth (Lymaniria dispar) as follows. In the first place, 
since moths have two active sex-(X-)chromosomes in 
the male, and one in the female, the male-determining 
factors are in double dose in males, single dose iri females. 
The female-determining factor Goldschmidt has finally 
located in the Y chromosome—an interesting fact, 
since the work of the Morgan school on Drosophila has 
shown that there the Y chromosome is without influence 
upon sex-determination. He has next shown that the 
strength or “ potency ” of the sex-determining factors 
may vary, and does actually do so in the different sub- 
species and races employed. It follows that when a 
cross is made, the future distribution of the sex-factors 
of various strengths, both male- and female-determin- 
ing, can be prophesied from what we know of the 
behaviour of the chromosomes, or, in other words, on 
Neo-Mendelian principles. 

As to the mode of action of the female-determining 
factor, we have the important fact that the Y must 
exert its effect upon the growing oocyte, since we find 
that the female-determining factor (which is inherited 
purely maternally according to expectation) is effect- 
ively present in males as well as females, although, of 
course, in all eggs destined to give males the Y has been 
eliminated in the polar body. If we are to draw con- 
clusions, it appears that some substance, which Gold- 
schmidt considers as of enzymatic nature, is given off 
into the oocyte in quantity proportional to the 
“ potency ” of the female-determining factor in the Y, 
and exerts effects in embryonic development propor- 
tional to its quantity. It is clear that if this is fully 
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substantiated, it gives us important clues as to the 
possible mode of action of chromosomal genes. 

sy these last facts we are introduced to the second 
part of the problem—the mode of action of the sex- 
factors during development in contradistinction to their 
distribution to the gametes and zygotes—a field where 
Goldschmidt has made his most signal contribution. 
What do we start with ?—the presence in every male 
moth of two doses of male-determining, and one dose 
of female-determining substance; whereas in the female, 
to the same quantity of female-determiner there is only 
one dose of male-determiner. But, since normally, in 
spite of the presence in individuals of either sex of 
determiners for both sexes, we get only the two classes 
male and female, we must say that (using the symbols 
M and F for our two sex-determiners) 2M>F, whereas 
F>M. 

When different races were crossed, abnormalities 
were produced. Goldschmidt was, in the first place, 
able to demonstrate that, whatever the degree of 
abnormality (and all degrees are possible), they fell 
into two classes, those which started their development 
as females but ended it as males, and those which 
started it as males and ended it as females. They 
thus have no kinship with the other main type of sexual 
abnormality known in insects, in which one half (or 
some definite section) of the body is of one sex, the other 
of the other. These latter animals are thus sex- 
mosaics in space, whereas Goldschmidt’s are sex- 
mosaics in time. The term gynandromorphs should be 
restricted to the spatial type, the term intersex, or 
better consecutive intersex, being used for the other. 
The origin of gynandromorphs is to be sought in an 
abnormality of mitosis whereby an X chromosome is 
lost from one embryonic nucleus, whereas that of the 
intersex is to be looked for in the faulty balance of 
sex-factors. 

It is only in certain crosses that intersexuality 
appears. An analysis of the families, together with the 
above-mentioned discovery of the transformation of 
sex during development in the intersexes, led to the 
following far-reaching conclusions. Broadly speaking, 
most of the Japanese races of the species possess sex- 
factors of high potency, the European races of low 
potency. Intersexes result (1) when a high-potency or 
“strong ’’ M (male-determiner) is combined with a 
“ weak” F—in which case the result is a female 
intersex, or one which is genetically female and starts 
its development as a female, but is later switched over 
to maleness ; or (2) when two weak M’s are combined 
with a strong F, in which case male intersexes are 
found. 

Further, within each main group, the separate races 
may differ in regard to the strength of their sex-factors ; 
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and this will be reflected in the different degrees of 
intersexuality resulting from different crosses. 

These facts, and various interesting consequences of 
the facts, may be regarded as firmly established. It 
should be noted that there are one or two local races 
which have given curious results, which will have to be 
worked out in greater detail. 

Goldschmidt’s further argument is as follows. The 
expressions ‘‘2M>F” and “F>M” express only the 
conditions in the fertilised eggs before development has 
started. The further facts can be explained only 
if we suppose that, during development, in each 
cell of the body sex-controlling substances are pro- 
duced at definite rates, and that these rates are pro- 
portional to the original quantities of the sex-factors. 
When, for example, a strong M and a weak F are 
present together in an egg, not only is the difference 
F — M abnormally small, but the rate of increase of F or 
of substances produced by it is lower, that of M higher, 
than usual. As a result, the two curves eventually 
intersect ; and, of course, from this moment the 
individual, hitherto female, is switched over to the 
male type of development, and a female intersex is the 
result. The degree of abnormality is of course deter- 
mined by the relative rates of F- and M-production, 
and the consequent earlier or later incidence of the 
intersection-point in the life-history. 

If the intersection-point comes early enough, and the 
change to the “‘ wrong ” sex occurs before any chitinisa- 
tion has taken place, sex-reversal will be apparently 
complete, and we shall get nothing but one sex from 
our cross. This does occur. 

Let us suppose the sex-reversal is from female to 
male. Then, in the resultant all-male broods, half the 
individuals should be genetically females, and there- 
fore be of chromosome-constitution XY instead of XX. 
If mated with normal females, therefore,theyshould give 
an abnormal sex-ratio (2XY= 99 : 1XX= ¢: 1YY 
—dies), as was pointed out in general terms by Morgan 
and by the reviewer some time ago. Similar sex- 
reversal followed by abnormal sex-ratio in the next 
generation has since been shown to occur by two 
independent workers in the frog, and now Goldschmidt 
has rung tne cnanges upon it in Lymantria and has 
shown that in every case the results fit with expecta- 
tion. Thus the final somatic sex may be the opposite 
of the original zygotic sex. 

But we can go even further than that. The reversal 
(total or partial) of the original sex may be due either 
to genetic or to other factors. In Goldschmidt’s 
moths the reversal is due to genetic causes—the 
fertilised egg contained inevitably within itself the 
seeds of its eventual change of sex, in the form.of a 
quantitative disharmony of the sex-determining factors. 


NO. 2826, VOL. 112] 


But sex may be upset by outer agencies: by hormones, 
in the case of vertebrates, whether the experiment be 
of Nature’s (as in the Free-martin, the female intersex 
of cattle, owing its abnormality to the male hormones of 
its own twin brother), or of man’s (as in the remarkable 
castration and grafting experiments of Steinach, Sand, 
Moore, Lipschiitz, Goodale, and others) ; by parasites, as 
in crabs and insects ; or by interference with the gametes, 
as in the increased number of males produced in frogs 
(Hertwig and his pupils) or trout (Mrsic) by over- 
ripeness of the ova. 

The earlier rigid belief that sex-determination was 
entirely a matter of the chromosome-constitution must 
therefore be modified. Sex, in all higher animals and 
in some plants, is normally determined by the chromo- 
somes, but (as might have been foreseen) the normal 
agency can in certain circumstances be overridden. 

It is clear that, with the point of view arising from 
these facts, much that is both new and important has 
been gained. In the first place, we have the confirma- 
tion of the idea, which had become established as a 
result of the work on Drosophila, especially by Bridges, 
that sex-determination was an affair of balance between 
genes contained in the sex-chromosomes and other genes. 

Bridges, by the utilisation of triploid strains, showed 
that in the fly, while the female-determiner was mainly 
lodged in the X (since here the female is XX, the male 
XY), male-determination was not an affair of one but 
of several factors, a disproportionate amount of in- 
fluence being entrusted to that or those in the diminu- 
tive 4th chromosome. Two X’s in the presence of 
three sets of autosomes gave intersexes: if only two 
instead of three of the 4th chromosomes were pre- 
sent, the intersexes were of more female type. We do 
not profess to understand Goldschmidt’s comments 
(p. 99) :—“*. . . . instead of speaking of the different 
quantities of a sex factor he [Bridges] prefers to speak 
of a more or less greater number of factors. Logically 
as well as physiologically this is naturally the same.” 

Although Goldschmidt has shown that his “Ff” 
substance is largely due to factors lodged in the Y 
chromosome, yet it may be confidently predicted that 
numerous “ sex-modifiers ” will be discovered in the 
autosomes. 

Our second principle is concerned with development. 
Goldschmidt’s idea of different rates of production o! 
substances in the embryo is in itself very fruitful, while 
if his correlation of the rate of production of the sub- 
stance with the amount of some initial ferment con- 
tained in the gene, and this amount with the “ potency ” 
of an allelomorph in a multiple series,—if this is sub- 
stantiated, we acquire a new outlook into the relation 
between Mendelian genes and their mode of action in 
development. 
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That a correlation of some sort does exist between 
rate of developmental processes and nature of gene 
:ppears to be established ; but whether there exists 
the exact chain of events imagined by Goldschmidt 
is a matter for further verification. 

Hfow valuable is the conception of rate of pro- 
juction of substances in ontogeny is seen by the rapid 
application which it has found in other fields. Crew 
1as applied this idea to the explanation of various 
yuzzling abnormalities of the reproductive organs to be 
ound in mammals, and by so doing has removed them 
rom the lumber-room where they lay labelled with the 
meaningless title of “ pseudo-hermaphroditism ” to a 


place in a coherent biological scheme. It appears 
more than probable that the determining factor in 
Amphibian metamorphosis, with all its curious varia- 
tions from species to species, is simply the relative 


rate of thyroid growth. It will assuredly prove that 
the same concept will be of prime importance as regards 
the other endocrine glands in all their functions of 
crowth-regulation and of initiating new phases such as 
puberty. In brief, the ideas of physical chemistry are 
thus being introduced into embryology, and dynamic 
ways of thinking substituted for static. 

So much for the important positive results, both of 
fact and theory, which flow from Goldschmidt’s work. 
It remains to criticise some of his details. 

We think it right in the first place to emphasise the 
iact that the well-known curves illustrating the physio- 
logy of intersex production (p. 95) are quite hypo- 
thetical in their details—a fact not sufficiently brought 
cut in the text. They could be drawn in a considerable 
number of quite other ways and still satisfy the facts. 
In particular, this applies to the representation of the 
curve for production of “ female ” substance as rising 
to a maximum and then sinking again. This is of 
reat theoretical importance if really true; but no 
adequate discussion is given of the reasons for the 
adoption of this particular curve, nor for the rejection 
of, e.g., a curve which continued to rise throughout life. 

The same, mutatis mutandis, is true of various other 
of the curves presented later for other organisms— 
although here their hypothetical nature is made clearer. 
\We think that in many cases it would have been equally 
easy to employ the idea of alteration in susceptibility 
of tissues to a constant stimulus (as exemplified, e.g. 
in the alteration in susceptibility of Anuran limbs to 
thyroid at metamorphosis) instead of that of alteration 
in the amount of morphogenetic substance (intensity of 
stimulus). 

We note the absence of reference to Haldane’s 
interesting work (in reality a corollary of Goldschmidt’s 
own principles) that when one sex is reduced in numbers 
or abnormal in structure as a result of a varietal or 
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specific cross, it is—not always the male or always 
the female, but—always the heterogametic ; and also 
wonder why play is not made (pp. 222-224) with the 
idea that sex-linked semi-lethal factors account for the 
well-known differential elimination of males before and 
soon after birth in man and other mammals—an idea 
which at least gives full formal explanation of other- 
wise incomprehensible facts. 

In his discussion of human sexual abnormalities 
(p. 243) the author has only been thinking in terms of 
his previous Lymantria scheme, which will give greater 
or lesser sex-transformation as a result of faulty balance 
of sex-genes: Crew’s recent papers on goat and pig 
intersexuality suggest another and simpler explanation, 
in the idea of abnormally slow production of the male 
hormone, but without any switch-over from one sex to 
the other. No reference is made to the classical work 
of Pézard on birds, in which the effect of the gonad 
hormones upon growth-rate of sexual characters is so 
ably analysed. 

These, however, are matters of comparatively minor 
moment. The main thesis of the book stands, and is 
of great value. In addition, various subsidiary topics 
are discussed with great lucidity. We especially com- 
mend the section on secondary sexual characters. The 
treatment is not new, but so clear and incisive that 
after reading it there should be no excuse for the not 
uncommon misconception that the inheritance of such 
characters throws any light upon or is in any way 
correlated with the inheritance of sex itself, save only 
that once sex is determined, it controls the expression 
of one or the other set of secondary characters. 

The well-known difference between the physiology of 
sex-determination in insects and vertebrates—in the 
former independent of all gonadial influence, in the 
latter put under this influence from a very early period 
of ontogeny—the author correlates with the general 
shortness of life in insects as against its greater length in 
the higher group. This is an extremely suggestive idea ; 
it will be interesting to see whether subsequent research 
upon the connexion of gonad and sexual characters in 
other invertebrates will bear it out. Finally, after the 
mass of nonsense and vague theorising that has been 
written on the sex-ratio, we commend his chapter on 
the subject as an admirable tonic. 

It has seemed worth while to go into some detail 
regarding the thesis and scope of the book, in spite of 
its having been first published in German three years 
ago, since here for the first time are English readers 
provided with a translation (which, since Goldschmidt 
has incorporated recent work, is also a second edition). 
The book is intended for medical men and others, such 
as lawyers or sociologists, who may have occasion to 
study the problems of sex, as well as for the professional 
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biologist, and it is a fact, however unfortunate, that 
the great majority will not read a foreign language 
unless they must. The translation is direct and ade- 
quate, and reads smoothly, although a few Germanisms 
might be got rid of in a second edition. 

Work on the preblems of sex is proceeding so rapidly 
that Doncaster’s and Morgan’s books on the subject, 
although not ten years old, are quite out-of-date. We 
have no hesitation in recommending Goldschmidt’s 
work as the best existing introduction to the subject, 
and tendering our thanks to Prof. Dakin for his transla- 
tion. S. Huxtey. 


Chemistry of Urea and Resins. 


(1) The Chemistry of Urea: The Theory of its Consti- 
tution, and of the Origin and Mode of its Formation 
in Living Organisms. By Prof. Emil A. Werner. 
(Monographs on Biochemistry.) Pp. xii+212. 
(London: Longmans, Green and Co., 1923.) 14s. 
net. 

(2) Synthetic Resins and their Plastics. By Carelton 
Ellis. Pp. 514. (New York: The Chemical 
Catalog Co. Inc., 1923.) 6 dollars. 


(1) HE monograph on urea differs somewhat 
in scope from others of this series of which 
it forms a part, inasmuch as it deals almost exclusively 
with one compound. Its importance, however, in 
animal and vegetable life is unquestioned, and no one 
will feel that a whole volume devoted to this topic 
is an unnecessary addition to biochemical literature. 
The subject-matter is divided into two sections: the 
first treats of the synthesis and constitution of urea ; 
the second with its origin and occurrence in Nature. 
There is no one more competent to write on urea 
than the author, who for many years past has attempted 
to unravel its structure. A considerable portion of 
the first section is concerned with this problem, and it 
must be confessed that Prof. Werner has made out 
a strong case for the tautomeric formula 


There is no doubt that the majority of changes which 
urea undergoes with different reagents and by heating, 
such as the formation of biuret, and the conversion 
of ammonium cyanate into urea, which is represented 
thus : 
NH; /NHsg 
H.O.CN2HN:C:0 
may be equally well explained by the new formula. 
Moreover, the formation. of cyanuric acid and the 
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action of alkalis receive a much simpler interpret: ‘ion 
in this way. 

(2) As a rule, an organic chemist, when confro) ‘eq 
in the course of an investigation with a resi 
product, is discouraged from examining it fur 
It is an amorphous, intractable material which ¢ 
ally defies crystallisation and, consequently, the . 
satisfactory means of purification. It is therefore « , 
signed to the scrap heap. The technical chemist 
the other hand, whose business it is to manufac: 
varnishes and composite materials, such as print 
inks, paper and cloth size, linoleum, etc., far {:, 
despising such products, is able to utilise many 
called synthetic resins on a very considerable s: 
The volume under review gives a very comprehen 
account not only of the production and use of synth tic 
resins ; but also a detailed description of the machi: 
used in their application. He tells us that 
diminishing supply of natural resins, or gums, as 
trade prefers to call them, has been viewed with 
prehension during past years by varnish manufactu: 
and other large consumers of such products.”’ 

It appears that the introduction of phenol-forma|e- 
hyde and cumarone resins has opened up a new {) 
for the synthetic organic chemist. There is a remark 
able variety of substances now employed and deriv 
from such products as glycerin and phthalic acid, 
vinyl polymerisation products, urea and _ thiourca 
derivatives and sulphur phenol resins. The author 
advises the chemist to scrutinise carefully every now 
resin he may obtain and record its formation. Hvre 
is a new and interesting field of operations, and instead 
of feeling thwarted in his aim, the organic chemist 
may in future turn what he formerly regarded as a 
failure into a possibly lucrative success. J. B. C. 


Micrography as a Fine Art. 


Botanical Pen-Portraits. By Prof. J. W. Moll and |)r 
H. H. Janssonius. Pp. vilit+472. (The Hague: 
Martinus Nijhoff, 1923.) 30 guilders. 

T was not until about the middle of the nineteenth 
century that descriptions of microscopical char- 
acters were introduced into treatises concerned wit! 
the identification of drugs. There are now sever: ! 
books primarily designed for students of pharmacy, 
but occasionally referred to by botanists who endeavov: 
to demonstrate to their students that even a knowled«: 
of plant histology may have its economic value. Th: 
volume by Prof. Moll and his junior collaborator aims 
at giving greater precision to the description of veget- 
able drugs and therefore greater accuracy in thei! 
identification. 
Prof. Moll has devoted himself during the last twenty 
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-; toa subject which demands no little concentration 
of cfort and an enthusiasm that is proof against the 
1ess of tedious routine ; he has devised a method 
of scientific description which he believes to be an 
advance upon all previous systems. The technical 
of this method can only be thoroughly tested by 
lists, but a mere botanist can at least appreciate 
uindness of the underlying principles and the 
ilous attention to details. The author is to be 
:tulated on the successful completion of a labour 
e which is a contribution of great value to the 
nacologist and to all botanists whose aim is to 
acquire an orderly and thoroughly sound method of 
describing plant structures. 
adequate description of a plant must take account 
ily of the characters in which it differs from allied 
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tv) s, but also of those which it shares with other plants. 
P portraits aim at furnishing a summation of char- 
actors, the replacement of sketches of habit by clear 
descriptions based on a definite scheme which is given 


ill and constitutes a very important feature of the 
book. They do not rely upon detailed anatomical 
drawings to supplement imperfect descriptions : a pen- 
portrait, if thoroughly made, is self-sufficient and at 
most needs only a well-labelled diagrammatic repre- 
sentation of the plant organ under consideration ; it 
brings into the description ‘‘as much as possible of 
what is now generally considered as belonging to the 
domain of drawings and plastic models, in other words, 
it tends to make pictures more and more superfluous.” 
The diagrammatic illustrations are exceedingly clear, 
and of a kind which might with advantage be adopted 
as a model by authors of botanical text-books. 

he value of Prof. Moll’s method was demonstrated 
by the junior author, Dr. Janssonius, in his book, 
published in 1906, on the micrography of Javan trees : 
an extension of the same method to timber trees of 
other regions would bea great boon to botanists, especi- 
ally to such as are interested in the identification of 
fossil angiospermous woods. 

[he preface, which is much more than a preface in 
the ordinary sense, gives a clear account of the history 
of descriptive botany, with special reference to micro- 
scopical features, and emphasises the importance of a 
more definite employment of the Linnean method in 
micrography. Prof. Moll considers that the principal 
feature of the Linnean method is its conformity to a 
sequence fixed beforehand ; if it is rigorously followed, 
completeness is achieved and nothing is omitted by 
chance. A high standard is set, and the “ guiding 
schemes,” if the student has sufficient faith and 
patience to adopt them, supply the means of con- 
structing pen-portraits according to the admirable 
patterns contained in this great work. Most of the 
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volume is devoted to descriptions of drugs arranged 
in alphabetical order—Amylum, Cortex, Flores, Folia, 
Fructus, etc.— and a full bibliography is added. 
In illustration of the method, the headings of the 
section dealing with Cortex Cinnamomi may _ be 
given : macroscopic characters ; anatomical characters, 
followed by a list of references ; epidermis, including 
measurements of cells ; cortex, cork, phellogen, phello- 
derm ; primary cortex ; endodermis ; stele, including 
detailed description and cell-contents of the tissues ; 
micrography of the powder, bast fibres and other cells, 
crystals, starch grains, etc. A word of praise is due 
to the publishers for the printing and style of the book, 
and to the authors for their decision to present their 
work in well-written English. A. C. SEWARD, 


Our Bookshelf. 


Text-book of Agricultural Bacteriology. By Dr. F. Lohnis 
and Prof. E. B. Fred. (Agricultural and Biological 
Publications.) Pp. ix+283+10 plates. (New York 
and London: McGraw-Hill Book Co. Inc., 1923.) 
15S. 

Dr. Léunis’ “Vorlesung iiber landwirtschaftlicher 

Bakteriologie ” has for so long been regarded as an 

essential text-book, that students of agricultural 

bacteriology will especially welcome the excellent Eng- 
lish edition of this work which the author has produced 
in collaboration with Prof. E. B. Fred. 

The authors devote the first portion of their work to 

a description of the characteristics and general activities 

of micro-organisms. This part of the book contains 

useful chapters in which the general methods used in 
studying the organisms are discussed. The second half 
of the book is devoted to the special fields of bacterio- 
logy that touch upon the problems of agricultural 
research and practice. There are chapters on the 
bacteriology of silage, hay, and other food materials, 
on milk, butter, and cheese, on the methods of sewage 
disposal, on the changes involved in the making of 
farmyard manure and on the problems of soil biology. 
In these chapters the authors deal with their subjects 
with remarkable clearness. The very different prob- 
lems that arise in these fields of work make it very 
difficult to connect them as though they formed a single 
branch of applied science. It seems that the sequence 
of thought would have been better preserved in this 
portion of the book if the bacteriology of soil had been 
considered before that of dairy products, because, in 
the former subject, the problems involved so com- 
pletely cover the field of microbiology, that the authors 
have already been obliged to refer to the chief groups 
of soil bacteria to illustrate the’ activities of bacteria 
in general. In dealing with the bacteriology of soil 
and of dairy products, the authors discuss some of the 
special methods used, in these fields of work. In a 
later edition, the description of special methods might 
well be given in greater detail. At present, lack of 
standardisation in technique greatly hinders work with 
bacteria, and this is especially the case with soil and 
dairy bacteriology. A detailed description of the best 
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methods, given in such a well-known text-book, would 
greatly assist the adoption of a uniform technique. 

In the portion of the book devoted to soil bacteria, 
the activities of protozoa and other micro-organisms 
are mentioned, but greater emphasis should have been 
given to the close interrelation that exists between 
bacteria and other organisms in the soil. The close 
connexion found to exist in field soil between the 
rapidly changing numbers of bacteria and active 
ameebe illustrates the fact that the bacteria must be 
considered as a part of the complex population of the 
soil, H. G. THORNTON. 


Mine Examination Questions and Answers. Compiled 
from Examinations for Positions of Mine Inspector, 
Mine Foreman, Assistant Foreman, Fireboss, Hoisting 
Engineer, Safety Inspector and Shotfirer. By Prof. 
J. T. Beard. Part 1. Pp. vilit+258. Part 2. Pp. 
vi+259-546. Part 3. Pp. vit+547-872. (New 
York and London: McGraw-Hill Book Co. Inc., 
1923.) 3 parts, 37s. 6d. 

THE object of the work under notice is, as stated by the 

author in his preface, that of ‘‘ enabling candidates to 

pass successful examinations for positions of responsi- 
bility in coal mining,” and it consists of a set of answers 
to no less than 2975 questions, set in examinations in 
the various coal-mining states of the United States of 
America and in Canada for various grades of colliery 
officials. Opinions will certainly differ as to whether 
this is the best way of qualifying a man for the duties 
that he will have to perform after he has passed such 
examination ; it may readily be granted that a man, 
gifted with an exceptional memory, might get off by 
rote the whole of the answers to the questions given in 
these three volumes and would thus with ordinary luck 
pass successfully any of the examinations referred to, 
but it is also very certain that this fact would not 
qualify him to hold a position as a responsible under- 
ground official. The educational value of such a book 
is therefore very questionable. At the same time the 
work has been well done. Prof. Beard has been the 

Principal of the School of Mines, International Corre- 

spondence Schools, Scranton, Pa., Secretary to the 

State Board of Mining Examiners, Iowa, and has held 

many other positions that qualify him thoroughly for 

the work that he has undertaken, and his book may be 
used with every confidence in its accuracy. It must, 
however, be borne in mind that coal mining methods, 
legislation, and nomenclature are so different in the 

United States from what they are in Great Britain that 

many of the answers given would prove seriously mis- 

leading to British candidates for similar positions in 
the latter country. 


The Properties of Matter. By Prof. Basil C. McEwen. 
Pp. vi+316. (London: Longmans, Green and Co., 
1923.) 10s. 6d. net. 

As a text-book, this work differs from its predecessors 

in the order of treatment of the subjects. Commencing 

with the First Law of Thermodynamics and the more 

general Principle of the Conservation of Energy, a 

logical sequence leads to the study of the kinetic theory 

of matter, which is most easily treated in connexion 
with the gaseous state. The continuity of the gaseous 

and liquid states supplies the natural transition to a 

detailed study of liquids, and solids are dealt with last 
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of all. The reviewer can recommend this order {rom 
his own experience in lecturing to university students, 
and is of the opinion that the first half of Prof. McE. ven’, 
book reaches a high standard of excellence. Some arts 
of the latter half are not quite so satisfactory. The 
chapter on capillarity seems somewhat elementar\ and 
does not contain many references to modern work. 
The distinction between surface tension and sv ‘face 
energy is not well brought out. The chapter on « lids 
is very short, and should be greatly expanded wi) en q 
new edition is called for. We hope the author will 
then include an account of the crystalline structure of 
solids as revealed by X-ray analysis. H. S. A. 


Medical Climatology of England and Wales. By Dr, 
E. Hawkins. Pp. xiv+302+149 charts. (London: 
H. K. Lewis and Co., Ltd., 1923.) 25s. net. 

Every practitioner of medicine is frequently required 

to recommend a climate suitable for convalescence or 

for a chronic disease ; few doctors can acquire ‘rom 
experience the geographical and meteorological know- 
ledge to enable them to give adequate considerition 
to this important detail of treatment. Dr. }dgar 
Hawkins provides a volume on the subject, based on 
his own experience and the information derived irom 
numerous meteorological publications. The main 
arrangement of the book is geographical, theray. 
indications following the descriptions of the geology 
and climate of various districts and towns. There is 
also a separate chapter on therapeutics of the Envlish 
climate, in which the classification is based on discises. 

In one appendix the health resorts are tabulated 

according to seasonal suitability, and in the other the 

waters of the various Spas are described. 

In spite of the complexity of the subject, information 
with regard to locality or disease can readily be found, 
and reference is facilitated by the inclusion of a large 
number of meteorological charts and the addition of a 
well-prepared index. The book will be of considerable 
value to physicians and others interested in medical 
climatology. 


The Elements of Co-ordinate Geometry. By S. L. Loney. 
Part 2: Trilinear Co-ordinates, etc. Pp. vili+ 228. 
(London: Macmillan and Co., Ltd., 1923.) 6s. 

Tuts part of Prof. Loney’s “ Co-ordinate Geometry” 
contains, in order, chapters on cross-ratio geometry, 
trilinear and areal co- -ordinates, tangential equations, 
reciprocation, projection, and invariants of conics. 
Methods of teaching geometry have advanced consider- 
ably in the last twenty years, and the arrangement 
adopted by Prof. Loney would scarcely be accepted as 
the natural one now. Trilinear and areal co-ordinates 
are here introduced from the purely metrical point oi 
view. Now it would be more customary to read the 
chapters on projection and reciprocation first and then 
to treat trilinears and areals as particular cases of 
homogeneous co-ordinates. 

Coming from an experienced teacher of mathemaiics, 
the book gives all necessary assistance to a student 
reading its subject-matter for the first time in the order 
treated. Abundant examples are given, but thos on 
homogeneous co-ordinates include a greater proportion 
of metrical questions than a present-day teacher would 
endorse (e.g. pp. 85-87, Nos. 1, 2, 6, 7, 16, 17, 20, 22, 
23, 24). 
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Letters to the Editor. 


The Editor does not hold himself responsible for 
opinions expressed by his correspondents. Netther 
he undertake to return, nor to correspond with 
» writers of, rejected manuscripts intended for 
this or any other part of NATURE. Wo notice is 
jalen of anonymous communications. | 


The Gorilla’s Foot. 


\irn regard to Mr. Akeley’s cast of a gorilla foot 
sed in NATURE of November 24, p. 758, I note 
that Sir Ray Lankester did not wait until he had seen 


the cast which we sent to the British Museum (Natural 
History) but has again made the following charges :— 
(1) lhe picture of the cast of the foot in Mr. Akeley’s 
book ‘‘In Brightest Africa,’’ p. 242, gave a mis- 


leading or distorted view of the cast and was in effect 
an example of bad photography. (2) The gorilla foot 
as represented by the cast differed in appearance from 
all previous pictures of and statements about the 


gorilla’s foot and was misleading, chiefly because it 
cid not show the great toe in a divergent position ; 
it also differed in appearance from the photograph of 


another gorilla’s foot figured by Akeley in the same 
book (p. 231), in which the great toe was shown in the 
flexed and abducted position. (3) Therefore Akeley 
had himself supplied the refutation of his claim that 
his gorilla’s foot was different from any other yet 
discovered. (4) That it is “‘ highly improbable ”’ that 
Akeley’s photograph of the cast “‘ correctly represents 
the foot of a normal species or variety of gorilla.” 

\s to (1), I have already stated (NATURE, Novem- 
ber 24) that the photograph published in Mr. Akeley’s 
book gave a “ very fair’’ view of the cast in question, 
and after a careful re-examination of the facts I will 
aid nothing to that statement except that Mr. 
Akeley has a deservedly high reputation based upon 
many years of experience both in photographing and 
in making anatomical casts, and needs no warning 
from any one as to the precautions to be observed 
in such work. 

\s to (2), neither Mr. Akeley nor I ever asserted that 
the cast in question showed the hallux in the position 
that it probably assumed when the animal’s weight 
rested upon it. I quoted Mr. Akeley’s statement 
that the cast was taken in the relaxed condition of 
the foot after vigor mortis had passed away, and I also 
noted that the hallux could no doubt be more or less 
abducted. The cast was made within twenty-four 
hours after death, in a cool, moist climate. The foot 
was cut off from the leg, the muscles and ligaments 
being relaxed, and was placed in a hollow in the ground 
with the sole facing upward. The foot and its digits 
were not posed but were allowed to assume the relaxed 
position. After being lightly soaped a thin coating 
o/ plaster was then applied and allowed to set, in order 
to prevent distortion by the weight of the plaster. 
No other outside pressure was exerted in any direction 
when the plaster was poured around. The whole 
operation was conducted with exceptional care to 
avoid distortion. 

The outstanding feature of Mr. Akeley’s cast is that 
it shows that in the relaxed condition the hallux 
assumed a position of lesser divergence, so that it was 
more nearly in line with the other digits. In this 
connexion it is pertinent to state that Dr. D. J. 
Morton is now studying the anatomy of the foot of 
another one of Mr. Akeley’s adult gorillas, and finds 
that the arrangements of the internal cuneiform and 
first metatarsal bones are such that it is possible for 
the hallux to be drawn into the position shown in Mr. 
Akeley’s cast. Dr. Morton has also found that in Mr. 


Akeley’s, as well as in other adult specimens, the distal 
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ends of the metatarsals of all the digits are twisted 
upon the shafts at different degrees in such a way as 
to make the volar surfaces face more directly down- 
ward, whereas in infant gorillas the volar surface of 
the hallux is tilted toward that of the other digits, 
this arrangement being still more pronounced in the 
chimpanzee. After extensive comparison, Morton 
concludes that the infant gorilla foot retains more of 
the primitive arboreal characteristics, while the adult 
gorilla foot shows numerous man-like adaptations 
not found in the chimpanzee. 

As to (3), Mr. Akeley never claimed that his 
gorilla’s feet were different from all others previously 
described. Such may yet prove to be the case in 
regard to the detailed proportions and minor charac- 
ters of the foot, but it has not yet been asserted by 
either Mr. Akeley or myself. ‘ 

As to (4), the original foot from which the cast was 
made has not yet been compared minutely with the 
other gorilla feet collected in the same general region, 
but after a preliminary comparison there seems no 
reason to brand the individual as representing an 
“abnormal species or variety.” 

In brief, Mr. Akeley’s cast can be misleading only 
to those who read into it more than was claimed for it, 
or who do not realise that a gorilla’s hallux may 
assume a position other than that figured in the 
previous literature of the subject. A carefully made 
cast of this kind is of greater scientific value than any 
photograph of the same object, because it represents 
the object in the round and without photographic 
distortion. A good cast, such as this unquestionably 
is, gives indisputable evidence of fact. 

In conclusion, Sir Ray Lankester’s statements in 
his book, ‘‘ Great and Small Things,’”’ about the signi- 
ficance of the differences between human and anthro- 
poid feet, suggest that he is one of several eminent 
persons (including Mr. H. G. Wells) who do not see 
that the human foot is an anatomical palimpsest, in 
which the later record of a long terrestrial life is so 
deeply impressed that it has largely obscured the 
underlying older record of a previous arboreal stage 
with a divergent hallux. This is not a “ theory ”’ but 
a well-founded inference from the many facts that are 
now being examined by Sir Arthur Keith, Dr. Morton, 
and others. WILtiAM K. GREGORY. 

American Museum of Natural History, 

New York, December 7. 


Psycho-Analysis and Anthropology. 


REFERRING to the letters in NAturE from Dr. 
Malinowski (November 3) and Prof. Elliot Smith 
(November 24) on this subject, I should like to make 
three remarks. 

(1) While agreeing with all that Prof. Elliot Smith 
says as to ‘‘ Totem and Taboo,” and that Freud failed 
to acquaint himself with the essential facts and 
associations of which he writes, this is by no means 
the case with all of his disciples, while even in ‘‘ Totem 
and Taboo ”’ there is stress laid on the quality of 
ambivalence in savage belief and custom, which, if I 
judge rightly, had not previously been sufficiently 
appreciated by anthropologists. It may be that Prof. 
Elliot Smith has recognised this in his article in the 
Monist, which I have not had the opportunity of 
reading. 

(2) I rather doubt whether time will bear out Prof. 
Elliot Smith’s contempt for typical symbols. Type 
dreams—that is, identical dreams having the same 
meaning attributed to them—certainly occur among 
peoples genetically and culturally remote. Thus, to 
take an example, quite superficial reading, and the 
kindness of friends in supplying references, indicates 
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that the tooth-losing dream occurs in Europe and 
among Nagas, Malays, and Chinese, also Ashanti, 
and that in each case it is taken to mean the death of 
a near relative (Ashanti, loss of near friend). More- 
over, this meaning fits well with the individual 
significance commonly recognised by analysts, namely, 
the fear of castration. 

(3) The question of ‘‘ Universal Symbolism ”’ is of 
course the crux of the whole matter. Are the findings 
of analysis for the individual applicable to the social 
unit to which he belongs ; and if so, do they also apply 
to other groups which may be genetically remote ? 

Those interested should shortly have the oppor- 
tunity of hearing the problem examined from the 

sycho-analytic point of view, for Dr. Ernest Jones 
a consented to read a paper upon this subject before 
the Royal Anthropological Institute on Tuesday, 
February 19. Tickets of admission will willingly be 
sent to non-members of the Institute interested in the 
subject, who should apply to the Assistant Secretary, 
Royal Anthropological Institute, 50 Great Russell 
Street, W.C.1. C. G. SELIGMAN, 


Malaria and Anop‘teles funestus in Mauritius. 


Earty in 1922 I was asked by the Secretary of 
State for the Colonies to undertake an Anopheline 
and anti-malaria survey in the island of Mauritius. 
I accepted this mission, and had the pleasure of 
devoting ten months of intensive investigation to a 
survey of unusual interest. 

Prior to my visit to Mauritius, a somewhat similar 
survey had been made in 1908 by Sir Ronald Ross, 
Major Fowler, and Mr. d’Emmerez de Charmoy. The 
valuable work they accomplished and the many 
interesting observations made by them are recorded 
in Ross’s report entitled ‘‘ Prevention of Malaria 
in Mauritius ’’ (London, Waterlow and Sons, 1908). 

In the course of their work, Ross, Fowler, and 
d’Emmerez de Charmoy made an extensive survey 
of the mosquitoes of Mauritius, which resulted in the 
collection of the following species : 


OLD NOMENCLATURE. 


Myzorhynchus mauritianus. Daruty de Grand- 
pré & d’Emmerez de Charmoy. 

Myzomyia (Pyretophorus) costalis. Theobald. 

Nyssorhynchus maculipalpis. Giles. 

Scutomyia notoscripta. Walker. 

Stegomyia fasciata. Fabricius. 

Culex fatigans. Weidemann. 

Culex tigripes. Daruty de Grandpré & d’Em- 
merez de Charmoy. 

8.1 Culex annuliorius. ? 

g. Culex arboricolis. d’Emmerez de Charmoy. 

10. Culex ronaldi. d’Emmerez de Charmoy. 

11. Culex fowleri. d’Emmerez de Charmoy. 


MopERN NOMENCLATURE. 


1. Anopheles mauritianus. Daruty de Grandpré 
& d’Emmerez de Charmoy. Very common. 

2. Anopheles costalis. Theobald. Very common. 

3. Anopheles maculipalpis. Giles. Very rare. 

4. Aédes albopictus. Skuse. 

5. Aédes argenteus. Poiret. 

6. Culex fatigans. Fabricius. 

7. Lutzia tigripes. Daruty de Grandpré & d’Em- 


merez de Charmoy. 

8.1 Culex annuliorius. ? 

9g. Orthopodomyia arboricolis. d’Emmerez de Char- 
moy. 

10. Culex sitiens. Weidemann. 

11. Aédes nigerensis. Theobald. 


 Note.—Culex annuliorius should not be listed among the mosquitoes of 
Mauritius, as the record is probably due to an error in identification. 
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It will be seen from this list that three species of 
Anopheline were found, and I have added ihe 
remarks made by these investigators relating to the 
prevalence of the Anopheline species. 

By experimental work in Mauritius, Ross was able 
to prove that of the three Anophelines, A. cosii/is 
was easily infected with malaria and could be 
regarded as the chief vector; that A. mauritianus «p- 
parently could not be experimentally infected with 
malaria, and by much additional evidence could be 
regarded as incapable of malaria transmission ; w) ‘le, 
owing to the great rarity of A. maculipalpis, wich 
these investigators state was then the case, tlicre 
was no opportunity of obtaining A. maculipalpi in 
numbers sufficient for experimental work. Its 
presence in Mauritius was therefore considered of 
no practical importance at the time. 

Based on these discoveries, Ross indicated the 
plan that should be adopted for the institution o: an 
anti-malaria campaign in Mauritius. Unfortunatly, 
his recommendations were not thoroughly cari ied 
out, and although much useful work was done by 
the canalisation of streams and the abolition of 
swamps in many parts of the island, the success of 
the campaign was vitiated by the neglect of equ.lly 
important Anopheline breeding-places, and in miny 
cases by allowing the completed anti-anophe ine 
works to revert to natural conditions. 

Consequently, fourteen years afterwards maliria 
in Mauritius was as bad as ever—a fact which 
together with the totally insanitary state of the 
island, led the Governor, Sir Hesketh Bell, to decide 
to ask the Colonial Office to appoint an experi in 
tropical hygiene to visit the island and indicate the 
necessary measures for the correction of the miny 
serious defects. 

The Secretary of State for the Colonies called upon 
Dr. Andrew Balfour to undertake this mission, «nd 
Dr. Balfour left for Mauritius in February 1921. ‘he 
utterly insanitary state of the island, and the very 
large number of separate problems with which Baliour 
had to contend, are fully set out in his comprehensive 
report, entitled ‘‘ Report on the Medical and Sanitary 
Matters in Mauritius, 1921,’ published by the 
Colonial Office. 

With regard to malaria in the island, Balfour 
speedily saw that, for renewed effort against the 
Anopheline, it was essential to know more of the 
bionomics of Anopheles costalis, the species tiien 
thought to be the only species responsible for the 
intensely malarious condition of Mauritius. His 
view was that it was highly important to know 
whether the species did or did not hibernate during 
the winter months, at least at the higher altitudes 
of the island, so that future work might take into 
account this most important fact. 

On his return to England, Balfour recommenied 
that investigations to determine the bionomics of 
A. costalis should be undertaken. I therefore left 
England for Mauritius early in 1922 to carry out 
this work. 

For the first four months after my arrival in 
Mauritius. (then the winter months), my staff and | 
gave undivided attention to the work of determining 
whether Anopheles costalis exhibited hibernation; 
and we were successful in showing that hibernation 
did not occur either at the coast or inland—a maiter 
that is fully dealt with in my report to be publisied 
shortly by the Colonial Office. 

During the work on A. costalis, much to my surprise 
I discovered that, in spite of what Ross had saic in 
1908, Anopheles maculipalpis was now to be found 
in very large numbers all round the island and up 
to an altitude of 1200 ft. 


Later, with more time to devote to further stuilies | 9 
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af-er A. costalis and the hibernation problem had 
been settled, my assistant and I while searching a 
marsh near Port Louis were astonished to find a 
larva of A. funestus. Further search in this marsh 
demonstrated that A. funestus was here in large 
nvmbers. The fact that A. funestus had not been 
recorded from Mauritius before, in spite of the work 
of the previous investigators, coupled with the 
proximity of the marsh to Port Louis—where all 
ships enter Mauritius—led me to assume that the 
sp cies had only recently been imported. I immedi- 
at ly approached the Officer Administering the 
Government for authority and funds to abolish this 
marsh; and by the copious use of paraffin castor-oil 
mixture, while hundreds of men tore up the weeds, 
by drainage and filling-in operations, within a few 
d,s the marsh was changed into dry land. 

mtrol of all the nearby waters—fortunately few 

as instituted, and no larva appeared in these 
waters. A few days later, while I was in conversation 
w .h one of the chief moustiquiers (mosquito searchers) 

n Indian who had been trained by Ross and 
Fowler—this man told me that he thought he re- 
membered having seen similar larve while Ross was 
1 
1 


i ihe island, at Schonfeld Marsh, Riviere du Rempart 
n the north. 

| questioned him further, pointing out that it was 
dificult to remember the appearance of larve after 
the lapse of 15 years; but he seemed so certain 
that I despatched him to Schonfeld to search. 
Schonfeld Marsh is rather inaccessible, some 15 miles 
from the marsh at Port Louis, and as the man had 
to go on foot it was two days later before he returned. 

When he got back, however, he brought with him 
six larve of A. funestus. My assistant and I at once 
left for Schonfeld Marsh in my motor-car, taking the 
man with us, and after searching for two hours in 
this extensive marsh, I discovered a larva of A. 
nestus there for myself. 

On my return to Port Louis, I issued instructions 
that all moustiquiers should divide up and proceed 

» all parts of the island and search only for A. 
junestus. Two weeks later, A. funestus had been 
reported from practically every district of Mauritius, 
but the numbers found were surprisingly few. 

{ then decided personally to undertake the study 
of the bionomics of the species, and I at last found— 

s I have fully described in my report—that 4A. 
mestus existed in Mauritius in prodigious numbers, 
n some localities actually outnumbering A. costalis. 
[he failure to discover the larve in numbers before 
was due to the fact that the vibrations transmitted 
tirough the earth by the tread of the searchers warn 
tae larve of danger, and they all dart to the roots 
of the vegetation, to which they cling, or even climb 
a few inches up the damp surfaces of the leaves which 
dip into the water. Once this fact had been dis- 
covered, thousands of A. funestus larve could always 
be had in suitable breeding-places. 

I undertook experiments in malaria transmission 
by A. funestus and A. maculipalpis in the island, and 
found that the former species could very easily be 
infected, and that A. maculipalpis could also be 
infected without much difficulty. Consequently, 
instead of A. costalis being the only vector of malaria 
in Mauritius, there are in reality three vectors: 
A. costalis, A. funestus, and A. maculipalpis. 

Now, there are two theories to account for the 
malaria in Mauritius: 

(1) That A. costalis (and A. funestus and A. maculi- 
palpis ?) have existed in Mauritius for centuries, and 
that it was only the importation of large numbers 
of Indians to work in the sugar-cane industry, 
bringing with them in their blood the parasites of 
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malaria, that caused the extensive infection of the 
local anophelines. 

(2) That prior to 1865, when the first considerable 
outbreak of malaria (?) occurred, no anopheline 
vector existed in the island, and that it was only 
by accidental importation of A. costalis (A. funestus 
and A. maculipalpis?) then that Mauritius became 
malarious. 

Personally I am inclined to favour the first theory, 
but the following experience shows how impossible 
it is to be dogmatic. 

Towards the end of my work in Mauritius, hearing 
that the sister island of Rodrigues was free of malaria, 
I obtained sanction from the Officer Administering 
the Government to proceed to Rodrigues in order to 
investigate this report. 

The island is so small that it was possible, with 
the assistance of three skilled helpers, to search all 
the streams, marshes, and pools. No Anopheles were 
to be found, and no case of malaria acquired in 
Rodrigues existed, although on the other hand I was 
able to find persons with all three species of the 
malaria plasmodia in their blood, which they had 
acquired by former residence in Mauritius. 

The island of Rodrigues lies 365 miles to the east 
of Mauritius, and is visited regularly, though only 
every 3-4 months, by the Government supply steamer 
from Mauritius. On this ship, which is berthed 
in Port Louis, A. costalis was found even during 
my voyage, and it seems obvious that the only thing 
that accounts for the fact that Anophelines have 
not been introduced into Rodrigues is that the island 
is completely surrounded by an extensive and remark- 
able coral reef, running from 14-6 miles seaward, 
which forces all vessels to anchor at least 1} miles 
from shore. Moreover, a steady wind from the south 
almost invariably blows across the island from the 
shore across the anchorage. 

In my report I have described these investigations 
at length, but I am in the meantime asking Sir 
Ronald Ross if he will be good enough to add any 
remarks he may care to make on what these investiga- 
tions have shown. Matcotm E, MacGREGor. 

Wellcome Field Laboratory, Wisley, Surrey 

(Wellcome Bureau of Scientific Research). 


THESE investigations appear to me to be both 
theoretically and practically important. The question 
is whether A. funestus entered Mauritius after my 
visit in 1908. Major C. E. P. Fowler and my- 
self were in the island from November 20, 1907, 
until February 25, 1908, that is, during the summer. 
Of course, we could not make anything like a com- 
plete survey of the mosquitoes in that time, but we 
were given the assistance of Mr. D’Emmerez de 
Charmoy, the accomplished entomologist of the 
island and curator of the museum, and were also 
provided with ten ‘‘ moustiquiers,”’’ that is, trained 
mosquito men. Our principal investigations were 
made close to the Clairfond Marsh at Phoenix—which 
was drained in 1908; but Major Fowler and Mr. 
D’Emmerez investigated much further afield than 
this. It is therefore most surprising that we did 
not once come across A. fuwnestus. I remember that 
when I first found A. costalis in the island I expected 
to discover A. funestus pretty shortly, partly because 
we had found them in association in Sierra Leone 
(where indeed we had discovered and named 4. 
funestus), and also because we heard that both 
mosquitoes abounded in the neighbouring island of 
Madagascar. It seemed surprising to me that only 
one of these Madagascar Anopheles had managed to 
drift into Mauritius. Moreover, we heard that it 
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was absent from the island of Réunion, where A. costalis 
was present. I understand that Mr. MacGregor 
found A. funestus in numbers during the period of 
summer when we were in the island ; but, in addition 
to all this, it is most remarkable that Mr. D’Emmerez, 
who was appointed in charge of the antimalaria 
measures after we left, had not detected this mosquito 
during all these years. The most likely inference 
appears to me to be that A. funestus has been im- 
ported quite recently. I wonder whether it has also 
appeared in Réunion. 

In my report I discussed the question whether 
malaria had been introduced into Mauritius and 
Réunion in 1866-7 (as was the case) by the intro- 
duction of large numbers of coolies from India, or 
by the introduction of A. costalis, and I preferred the 
latter theory. Against the coolie theory there was 
the fact that Indians had been pouring into both 
islands long before those years. I thought it more 
likely that A. costalis had been brought in some time 
previous to 1866, possibly by some ship. If therefore 
A. funestus has been a new introduction, this hypo- 
thesis of mine will be further supported. The entire 
absence of both species from Rodrigues is another 
confirmation. The most likely picture appears to 
me to be that all three islands were Anopheles-free 
up to 1865 or so, but that two of the islands have 
become infected since by shipping from Madagascar. 
I understand that both species are absent from India, 
but have not been following the recent literature. 

It is very disappointing that all the antimalaria 
measures advised by me have been allowed to fall 
into abeyance in Mauritius, and I have long been 
convinced that anti-mosquito work will not be properly 
carried out in British dominions until stronger dis- 
cipline is enforced. RoNALD Koss. 


Methods of Chemical Reactions. 


THE general scheme of a chemical transformation 
can be reproduced by the equation : 


... +4,AgB.C,... +1, 
=y,A,B,C,... +7A,B,C,... +)°° 


A, B, C represent chemical elements or groups of 
elements, which are transferred as whole complexes 
from one side to the other of the chemical equation 
(i.e. NH,, SO,, NO,, etc.). We shall call these groups 
of elements for short the elementids of a chemical 
equation ; the chemical elements are thus the simplest 
elementids. It is evident that in determining the 
number of elementids of a chemical equation the 
minimum rule must be observed—that is, the elements 
must be brought together into groups, so that the 
number of these groups (elementids) shall be the 
smallest possible. The composition of these groups 
must fulfil one condition: that their number taken 
as a whole and for each formula individually should 
be the same on the right and on the left side of the 
chemical equation. In most cases the problem of 
determining the elementids is simplified by the fact 
that the number of elementids is the same as the 
number of elements. 

a, b, c, d, etc., as usual in chemical equations, are 
numbers showing how many times a given element 
(or elementid) occurs in the composition of a chemical 
compound. Equation (1) contains molecules composed 
of all elements of a given chemical transformation ; 
of course, the absence of some elements in the com- 
— of a particular chemical molecule is expressed 

y making the corresponding multiplier (¢.e. a or b 
or c, etc.) equal to zero. 

alsO Vy, Vo, Vs, etc., are the numerical 
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coefficients to be determined by chemists using 
chemical equations. 

To determine these coefficients algebraically, ac 
cording to the rule requiring an equal number o! 
elements on both sides of a chemical equation, w: 
can write : 


+Hlt ... 


In calculating the numerical values of the co 
efficients %,, 11, %2, Vo, etc., as required by stoichio 
metry, the following rules must be observed : first, 
all the coefficients must be whole and positive 
numbers; the coefficients must not have a common 
divisor. This last condition is satisfied by givin 
the smallest possible whole number to the coefficient 
of the molecule occurring the least number of time: 
in a chemical reaction. 

It follows from the series of equations that the 
number of elementids of a chemical equation corr: 
sponds to the number of separate equations serving 
to determine the necessary coefficients; and the 
number of heterogeneous molecules (separate sul)- 
stances) taking part in a chemical reaction correspon«s 
to the number of unknown quantities. Hence: 

In the simplest case the number of separate sul- 
stances taking part in a chemical reaction will |) 
greater by one unit than the number of elementids. 

To illustrate this we shall give several chemical 
equations : 

(a) Two elements and three substances : An example 
of the simplest reaction is the formation of wate: 
(two elements, H and O, and three substances, FI,, 
O,, and H,O). 

(b) Three elements or elementids and four substances : 


(1) 2C,H,O,+Zn =Zn(C,H,O,).+H,; the three 
elementids are Zn, H, and C,H,Q,. 
(c) Four elements and five substances : 
48 +6NaOH =2Na,S +Na,S,0; +3H,O. 
(d) Five elements and six substances : 
2Sr(NOs). +6NH,Cl =2SrCl, +5N,.+Cl, +12H,0. 
(e) Six elements and seven substances : 


K,Cr,0, +6HI +4H,SO, =K,SO,+Cr,(SO,), 
+7H,O 


More complex chemical equations containing more 
than six elementids are comparatively rarely met with 
in chemistry. 

We shall now investigate an example in whicl 
seven elements and eight substances take part in 4 
reaction : 


+4+,H,SO, =y;CoSO, +72K,SO, 
+s(NH4)250, 


By solving the algebraical equations correspondiig 
to this chemical reaction we get the following : 


4+6(NH,),SO, -+11CO +CO, +1380. 


This reaction is so complex, that even Pro. 
Treadwell, who did not know of the algebraical 
method of finding the coefficients, wrote the equation 
wrongly from the strictly stoichiometrical point of 
view. His rendering of it was as follows : * 


2K,;Co(CN), +12H,SO, +12H,O =2CoSO, +3K,SO; 
+11CO +CO, +6(NH,).50O, 


1 Treadwell, “‘ Analytical Chemistry,” vol. ii. 
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Here there are seven elements, but nine sub- 
stances. One need not be a profound mathematician 
in order to understand that according to the scheme 
of a chemical reaction evolved by us, Treadwell’s 
example just given contains, in the equation of reaction, 
substances the coefficients of which in certain limits 
can be arbitrarily changed. Such substances are: 
on one hand, H,SO, and H,O, on the other SO. 

Thus, if we express the number of elementids by 
the letter L, the number of chemical substances 
taking part in the reaction by the letter M, we shall 
cet for the simplest case of a chemical equation the 
expression : 

M=L-+1. 


We have looked through a number of chemical 
works and have found no exceptions to this rule. 
The seeming exceptions, carefully analysed, were 
found to be only complications, substantiating the 
rule announced. In the well-known ‘“ Analytical 
Chemistry ” of Prof. Treadwell (vol. i.) out of 1240 
reactions, 688 follow directly the rule announced. 
We shall show below that the seeming exceptions 
are only more complex cases. 

Let us consider a first possible complication: it is 
evident that by addition of two or several chemical 
equations, we obtain a new chemical equation, but 
a more complex one ; to find in this case the applica- 
bility of the simplest rule governing a simple chemical 
reaction, a special analysis is required. 

Let us consider the case of double decomposition, 
which from a chemical point of view consists of two 
reactions : a reaction of combination and a reaction 
of decomposition. This complication affects adversely 
the immediate applicability of the rule announced. 
In this case the number of elementids increases, but 
the new elementids give algebraical equations result- 
ing in the same solutions as those given by the number 
of equations demanded by the rule L=M-1, so 
that to find the necessary coefficients it is sufficient 
to take only the algebraical equations according to 
our rule. To demonstrate this we will take an 
example : 

x,AgNO,; =y,HNO;+y,Ag,S. 


Here there are the following equations: for Ag, 
=2Ya, for NO, (elementid), +, =¥y,, for H, 2%, =4,. 
These suffice already, for by taking vy, =1, we obtain 
%4,=2, %,=1 and y,=2. It is possible to make an 
equation for sulphur, 7, =y., but this equation gives 
no new data and can only serve to control the pre- 
ceding equations. 
Here is another example * of a complex reaction : 


8KC1O; +24HCl =8KCl+12H,0 +9Cl, +6Cl0,. 
The corresponding simple reactions are : 


KCIO,+6HCl =KC1+3H,0 -}3Cl, 
5KCIO, +6HCl =5KC1+3H,O +6Cl0,. 


Adding together the last two equations and dividing 
throughout by the factor 3 common to all the co- 
efficients, we obtain a more simple expression than that 
given above, for we get : 


2KCI0, +4HCl =2KCl+2H,0 +Cl, +2Cl0,. 


Here again the “ new condition,’ regulating the 
decomposition of chlorate of potassium, will be 
expressed by the quantitative analytical data of the 
percentages in the reaction products of chlorine and 
chlorine dioxide. These last examples show already 
that, as in the application of the familiar phase 
Tule, the appearance of each “‘ new condition ”’ in- 
creases by one the number of substances. Designat- 

* Treadwell, “‘ Analytical Chemistry,” vol. i 
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ing the number of new conditions by 7 as in the phase 
rule, we get for this case the expression : 


M,=L+1-+2. 


As in the familiar case in the application of the 
phase rule, we can designate as non-variant chemical 
reactions those following the simple rule M=L+1, 
as, of course, the formule for these reactions do 
not admit of a variation of coefficients. A chemical 
reaction obeying the rule M, =L+1-+ has n degrees 
of freedom. Thus the reaction above investigated 
of the action of sulphuric acid on K,Co(CN),, if 
written according to Treadwell, will have one degree 
of freedom (inter-relation of the number of molecules 
H,O and SO,), i.e. for this case »=1 and thus 
M,=L+2. Accordingly in Treadwell’s equation, we 
have M, =9 and L =7. 


The reactions of hydrogen peroxide when hydrogen 
peroxide acts as a reducing agent show this: 


#,Ag,0 +%,H,O, =y,H,O +y3Ag. 


In this case L =3 (i.e. Ag, H, and O), M=5, 2.e. 
Ag.O, H.O,, HO, O., and Ag. It would seem that 
this is an exception to the rule; but actually there 
is no exception, as the last equation is subject to a 
new condition: the quantity of hydrogen peroxide 
and the quantity of silver oxide are determined by 
the fact that the molecule of oxygen is formed by 
one atom of oxygen taken from the hydrogen 
peroxide and one atom of the silver oxide. Algebraic- 
ally this condition can be expressed by putting 
xX, =%,. The solution is then quite definite, 


Lastly, let us investigate the case of reactions 
often met with in organic chemistry, where a small 
number of elements forms a great many substances. 
We will take the decomposition by water of the alloy 
of iron and carbon at high temperature and pressure : 


3Fe,C, +4,H,O =pFe,0, +V3CaHon 


An immediate application of the rule M=L+1 
can be made only in the case of the formation of 
one hydrocarbon (case of double decomposition), as 
in the decomposition of the carbide of aluminium. To 
the other case the rule M, =L+1-+%” must be applied, 
as each new hydrocarbon must be characterised by 
quantitative analytical data showing its percentage 
in the reaction products in order to be able to write 
a stoichiometrically correct chemical equation. 

The expression M,=L+1-+m and the simpler one 
M =L-+1 form the basis for deducing the algebraical 
equations necessary for the determination of the 
equation coefficients of a given chemical reaction. 
The general number of algebraical equations will be 
equal to +L, where L is the number of equations 
corresponding to the number of elementids, and x 
is the number of equations which must be deduced 
to meet » special conditions. 

All the rules given in this paper can be formulated 
also by a single expression : 


M,#A+4+1-+2, 


where A is simply the number of elements taking 
part in a given chemical reaction. 
WL. KIsTIAKOWSKY. 
Petrograd, June 1923. 


Mechanism of the Hydrogen Chlorine 
Combination. 


THE object of the present note is to describe some 
work in progress here on an attempt to test directly 
the Nernst theory (Zeit. Electrochem., 24, 335, 1918) 
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for the very wide deviation of the hydrogen chlorine 
combination from the Einstein photochemical equi- 
valence law. Nernst postulated that the primary 
action of the light was to split up the chlorine into 
atoms, and that these were able to react with hydrogen 
molecules according to the equation 

Cl+H, =HC1+H, 
and that the atomic hydrogen formed again reacted 


with chlorine 
H+Cl, =HC1+Cl, 


and that this cycle was repeated over and over. 
Hence 1 quantum of light energy was able to cause 
a very great amount of combination. He showed 
that all these reactions proceeded with a free energy 
decrease and hence were possible reactions. 

We are attempting to put this theory to a direct 
test. In our experiments atomic hydrogen, generated 
by Wood’s method (Trans. Roy. Soc., 102-A, I, 1922), 
is led into a mixture of hydrogen and chlorine, and 
if the theory is correct an excessively large amount of 
hydrogen chloride should be formed. To determine 
the amount of atomic hydrogen at the moment of 
reaction the same procedure is used substituting 
bromine for chlorine. It is known that the hydrogen 
bromine reaction does not give excessive yields of 
hydrogen bromide and Nernst has shown that the 
reaction 

Br+H, =HBr+H 


will not take place spontaneously. The hydrogen 
and chlorine are at a partial pressure of about 1 mm. 
each, and care is taken to prevent illumination of the 
gas mixture from the discharge tube. It has been 
shown so far that atomic hydrogen will travel a 
distance of 15 cm. from the discharge tube when the 
pressure is 1 mm. If chlorine be permitted to meet 
the hydrogen stream at this point direct combination 
takes place at room temperature ; in one experiment 
the yield of hydrogen chloride was ro per cent. of the 
hydrogen used. This amount would seem to exceed 
greatly that due to the atomic hydrogen present, 
although so far no direct determination has been 
made of this quantity. A. L. MARSHALL, 
H. S. Taytor. 
Princeton University, Princeton, New Jersey, 
November 7. 


Remarkable Ascending Currents at Melbourne. 


REMARKABLE ascending currents were observed 
during a pilot balloon ascent at Melbourne at 11.00 
hours on Friday, October 26, 1923. Heights were 
determined by means of range-finder readings, and 
should have no error of consequence. The following 
table gives the results of the ascent : 


Wind. 
Normal 
Height. 


Observed 
Height. 


Direction, Velocity. 


335 
332 
325 
323 
282 
272 


m./sec. 


176 
351 
801 
1202 
1580 


At the first reading the balloon was too near to be 
observed with the range-finder. The rate of ascent 
should have been 100 metres in 45 seconds according 
to J. S. Dines’s formula, but for the particular type 
of balloon used, range-finder observations indicate 
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that the actual rate is about 90 metres. Shortly after 
the fifth observation the balloon entered thin cloud, 
but could be seen for some time longer. 

Between the second and last reading the air in 
which the balloon was travelling ascended at the rate 
of 4 metres per second, while between the third and 
fourth the ascending velocity was 8 metres per second. 
On a number of occasions when cumulus cloud was 
forming, ascending rates of 2 metres per second over 
considerable ranges have been observed at Melbourne, 
but nothing approaching the velocities shown above 
had been encountered previously. It will be note: 
that the upward current was at times such that no 
raindrop could descend through it. A remarkable 
feature was that the cumulus cloud which was forming 
rapidly at the time was doing so, not in isolated masses, 
but in an almost continuous sheet. No cumulo 
nimbus was present. Above the cumulus layer 
alto-cumulus was moving from 252°. 

As regards the general situation, an anticyclone 
was passing to the northwards, moving rapidly. 
During its passage across the continent the anti- 
cyclone had decreased in intensity. Melbourne was 
coming under the influence of the succeeding low- 
pressure trough. The recent weather had been 
characterised by these fast-moving anticyclones, the 
intervening depressions being very poorly developed. 
This weather is one of the pronounced drought types. 

Epwarp 

Meteorological Bureau, 

Melbourne, 
October 29. 


Long Range a-Particles. 


IN a letter to NaTtuRE of September 22, p. 435, we 
stated that, in addition to the a-rays of range 6:97 
cm., radium active deposit emits particles of ranges 
9°3, and cm. respectively. It has since 
been found that, in addition to the a-rays of ranges 
4°8 and 8-6 cm., thorium active deposit emits particles 
of ranges 11-5 (previously recorded by Rutherford), 
150 and 18-4 cm. respectively, and that the emission 
of every 10° a-rays of range 8-6 cm. is accompanied 
by the emission of 220, 47, and 55 particles of the 
above ranges. In the case of actinium active deposit 
evidence of particles of range greater than 6°5 cm. 
was found, but the sources available were not 
sufficiently intense to allow their range to be deter- 
mined with accuracy. 

By a method devised by Sir Ernest Rutherford we 
have satisfied ourselves that the long range particles 
from radium active deposit are a-rays. 

Polonium has also been examined and found to 
emit small numbers of particles of ranges 6-1+0'1, 
10‘0+0-1 and 13-1+0-2 cm. respectively, in addition 
to the main group of a-rays of range 3:93 cm. The 
relative numbers in these new groups are at present 
being determined ; from the brightness of the scintil- 
lations it is considered that they are a-rays. 

L. F. Bates. 
J. STANLEY ROGERS. 

Cavendish Laboratory, Cambridge, 

December 15. 


Continental Drift and the Stressing of Africa. 


In reply to Dr. Evans’s letter under the above title 
in NATURE of September 22, p. 438, may I say that 
I too shall be surprised, indeed extremely surprised, 
if further work in Uganda does not ‘‘disclose the 
existence of at least some normal faulting with a 
north and south strike, showing the former existence 
of east and west tension.’’ Compression in one area 
seems to imply tension in another; and it is not very 
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probable that Africa has always been on one side 
of the equation. But one would expect that, had the 
continent been “‘ predominantly in a state of tension,”’ 
evidence of the fact would not be difficult to find in 
Uganda. 

True, there is no reason why ‘a change of con- 
ditions may not convert a true rift valley formed in 
a period of tension into one bounded by reversed 
jaults.’’ But it may also be observed that it is certain 
that tension operating on a rift formed by a thrust 
action would accentuate the features, provided that 
the bottom of the valley was not prevented by 
subterranean support from sinking. Compression 
would do the same without the last proviso; while 
some such factor as cooling at depth would achieve a 
similar result without the assistance of either tension 
or compression if the faults were reversed. 

There can be no shadow of a doubt that the bottoms 
of the Uganda rift valleys have sunk, and that, too, 
very considerably. What has happened beyond this 
it is impossible for any living soul to say with absolute 
certainty at present; but no theory of the rift will 
pass muster if it leaves Ruwenzori hanging in the 
air, and if it fails to explain why planes of weakness 
to tension have not been utilised. 

Assuming a rift-block (by which I mean the mass 
between the rift features) bounded by reversed faults 
to sink, something must happen to the valley sides ; 
either one or both will subside as a whole, or great 
lines of normal faulting will appear in the country on 
cone or both sides; or these two things may happen 
in combination. The first of these alternatives 
appears, almost to the entire exclusion of the second, 
by Lake Albert, in Bunyoro; the second, largely to 
the exclusion of the first, is seen along the eastern 
side of Lake George. Moreover, normal faulting may 
appear in the rift-block itself. But all these things 
may equally be consequent upon settlement of a 
rift-block bounded by normal faults. Thus it is 
easily seen that step faulting is not admissible as 
evidence as to the nature of the fractures that initiated 
the rift. The solution of the Great Rift Valley problem 
must be sought, in fact, in places like Bunyoro, where 
step faulting is almost completely absent. 

Dr. Evans, who combines Wegener’s general 
proposition with a tentative theory of the moon’s 
birth, would expect (subject to the truth of the latter) 
“The chief period of tension in Africa and its sur- 
roundings to have existed in Mesozoic and early 
Kainozoic times’’; but this is precisely when, so 
Prof. J. W. Gregory argues (and I agree with him), 
Africa was being hunched up by compression. 

As to the date of the moon’s birth, or the manner 
of it, I am not qualified to speak with any authority ; 
but I should have thought that had it taken place as 
late as the Carboniferous period, the parting at least 
would have been catastrophic. Also I am tempted 
to ask (not controversially, but as one seeking in- 
formation) why if “‘ the bulk of the atmosphere’”’ was 
“attracted towards the protruding mass of the moon,”’ 
our satellite has now no atmosphere worth mentioning. 
Did the moon escape without air or water ; or may it 
not be that it once possessed both, self-elaborated very 
long ago, as those of the earth, in an early stage of 
its individual career? May not the absence of 
atmosphere be indicative of completion in the life of 
a celestial body of a stage the span of which is a 
function of the sphere’s mass ? 

I fear that I have somehow created the impression 
that all the major faulting in this part of the world 
is more or less north and south. Thisisnotso. In 

3unyoro certainly, and one has reason to believe 
elsewhere, a series of very large east to west faults is 
traceable. This is clearly brought out in a structure 
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map of part of Bunyoro prepared by Mr. W. C. 
Simmons a few years ago. Judging by the manner in 
which they cut off the north to south fractures, the 
east to west faults are the younger; though both 
are very ancient. 

I believe that the word “ rift’? was originally 
applied to the Great East African fracture trough, 
which is quite a different thing from an ocean-covered 
area produced by the drifting of continents. Rift 
valley faults will still remain rift valley faults, whether 
they turn out to be normal or reversed; otherwise 
“rift valley ’’ must disappear from our nomenclature 
should my hypothesis prove true. 

I thoroughly agree with Dr. Evans’s remarks with 
regard to the value of speculative hypothesis; and, 
as he reminds us, “‘ It will only be when we have all 
the facts before us, that we shall be able to solve with 
any assurance the problems presented by the present 
configuration of the surface of the globe.” 

E. J. WAYLAND. 

Mahyuro, Lake George, Uganda, 

November 3. 


Mrs. Hertha Ayrton. 

In NaturE of December 1 there appears under the 
above heading an obituary notice of the late Mrs. 
Ayrton which, I regret to say, is in some matters 
incorrect and misleading. The article is an unusual 
one, for in it the writer ventilates his own grievances 
against his so-called ‘‘ masters ’’ (The City and Guilds 
Institute), and disparages and belittles the work and 
abilities of his lifelong colleagues. To write in this 
strain about dead friends is in my opinion reprehen- 
sible, and it is to be hoped the example will not be 
followed. 

From reading Prof. Armstrong’s article one would 
gather that Mrs. Ayrton had little originality, and that 
all the scientific work she did was due to her husband’s 
lead. Neitherinference would be true, as is proved by 
the inventions she made before she met Prof. Ayrton 
and the original work she carried out after his death. 
In connexion with the latter, Mrs. Ayrton took out 
eight patents between 1913 and 1918. 

The late Prof. Ayrton told me on several occasions 
that when Mrs. Ayrton took up the study of the 
electric arc he left the subject entirely alone so that 
there should be no excuse for any one giving him the 
credit for her work, and when lecturing to his students 
on the arc he made similar statements, as many of his 
pupils can doubtless confirm; it is indeed very prob- 
able that Prof. Armstrong heard analogous remarks 
from Prof. Ayrton’s own lips. T. MATHER. 

37 Wyatt Park Rd., 

Streatham Hill, S.W.2, 
December Io. 


A Waltzing Mouse. 

Ir may perhaps be of interest to record that, in 
some recent experiments in crossing mice, there 
appeared in a litter of seven (self-coloured champagne) 
a female which exhibited all the symptoms associated 
with the Japanese waltzing mouse of which Yerkes 
made a fairly exhaustive study. It is dextro- 
rotatory, if the term be permitted. It is not yet 
old enough for reproduction. Both parents have, 
however, since produced litters, the female to a 
Dutch-marked male, the male on a Dutch-marked 
female, five and four respectively, but all are normal, 
nor out of eighty mice recently born to other couples 
have I had any other that waltzes. 

G. W. Harris. 

The Royal Automobile Club, London, S.W.1, 

November 25. 
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Egypt as a Field for Anthropological Research.' 
By Prof. P. E. NewBerry, M.A., O.B.E. 


iad has often been stated that civilisation in Egypt 

spread from the south, and considerable stress has 
been laid upon the fact that many pre-dynastic and 
early dynastic remains have been found in Upper 
Egypt in the region between Edfu and Thinis, especially 
at Hierakonpolis and Naqada, and north of Naqada, 
in the neighbourhood of Abydos. Opposite Edfu is a 
desert route leading to the Red Sea ; at Kaft, opposite 
Naqada, is the beginning of the road leading to Kosér, 
the port on the Red Sea. It has been thought that the 
people who brought culture to Egypt reached the Nile 
Valley by one or by both these routes from a ‘‘ God’s 
Land ” situated somewhere down the Red Sea coast. 
But throughout the whole history of Egypt, culture 
has always come from the north, and spread southwards. 

From a study of the monuments of the First Dynasty 
that had been found at Abydos and elsewhere in Upper 
Egypt I ventured, nearly twenty years ago, to suggest 
the existence in pre-dynastic times of a Delta civilisa- 
tion which, in culture, was far advanced beyond that 
of Upper Egypt, and I pointed out that it was probably 
to a Delta civilisation that the Dynastic Egyptians 
owed their system of writing. I was led to this con- 
clusion by the following facts. Although many pre- 
dynastic cemeteries had been thoroughly explored in 
Upper Egypt, no grave had yielded a single fragment 
of hieroglyphic writing. The only inference that can 
be drawn from this is that hieroglyphic writing was 
unknown, or at all events unpractised, by the in- 
habitants of Upper Egypt before Dynastic times. On 
the other hand, the discoveries at Naqada, Hierakon- 
polis, and Abydos had shown us that all the essential 
features of the Egyptian system of writing were fully 
developed at the beginning of the First Dynasty. 
Hieroglyphic signs were already in full use as simple 
phonograms, and their employment as_ phonetic 
complements was well established. Determinative 
signs are found beginning to appear in these early 
writings, but, as Erman and Griffith have noticed, 
even as late as the Fifth Dynasty their use was very 
restricted in the monumental inscriptions, although 
they were common in the cursive and freely written 
texts of the pyramids. At the very beginning of the 
First Dynasty the numerical system was complete up 
to millions, and the Egyptians had already worked out 
a solar year of 365 days. This was indeed a remarkable 
achievement. 

These facts are of great significance, for it is clear 
that the hieroglyphic system of writing, as we find it 
at the beginning of the First Dynasty, must have been 
the growth of many antecedent ages, and yet no trace 
of the early stages of its evolution have been found on 
Upper Egyptian soil. There is no clear evidence, 
however, that the system was borrowed from any 
country outside Egypt; the fauna and flora of its 
characters give it every appearance of being indigenous. 
It is apparent, therefore, that we must seek the cradle 
of the Egyptian system of hieroglyphic writing else- 
where than in Upper Egypt, and as the fauna and flora 
of its characters are distinctly Egyptian, the pre- 


+ From the Presidential Address delivered to Section H (Anthropology) 
of the British Association at Liverpool on September 17. 
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sumption is that it must be located in the Delta. An 
important ind‘cation as to the original home of Egyptian 
writing is given by the signs which, in historic times, 
were used to designate the points of the compass. 
The sign for “‘ east ” was a drop-shaped ingot of meta! 
upon a sacred perch, and this was the cult-object of « 
clan living in pre-dynastic times in the Eastern Delta. 
The sign for “ west ” was an ostrich feather placed in 
a semicircular stand, and this was the cult-object o! 
the people of the Western Delta. The sign for “ south ” 
was a scirpus-reed ; this was the cult-object of a clan 
which dwelt on the east bank of the Nile a little abo: 
the modern village of Sharona in Middle Egypt. The 
country south of the apex of the Delta was known as 
Ta Shema, ‘“‘ Reed Land.” It must, therefore, have 
been at some point north of the apex of the Delta that 
the scirpus-reed was first used to designate the south). 
It must also have been somewhere in the Central Delta 
that the cult-objects of the peoples of the Eastern and 
Western Delta were first used to designate east and west. 

For the Delta being the early home of writing 
another fact has to be taken into consideration. Thoth, 
the Ibis-god, was to the Egyptians the god of writing, 
and it was to him that they attributed its invention. 
The principal seat of his worship in historic times was 
Hermopolis, in Middle Egypt. But Thoth’s origina] 
habitat was situated in the north-east corner of the 
Delta, where, in pre-dynastic times, had resided an 
Ibis clan. The tradition that named Thoth as the 
god and inventor of writing would, therefore, point 
Delta-wards. This tradition is significant also in 
another way. Although we cannot doubt that the 
Egyptian system of writing was evolved in the Delta, 
the germs of writing may have come into Egypt from 
Western Asia via this north-east corner of the country. 
In this connexion it may be pointed out that the 
hieroglyphic signs for “ right ” and “left” were the 
same as those for ‘“‘ west ” and “ east ” ; the Egyptians 
who evolved the hieroglyphic system of writing 
orientated themselves facing south. 

It is remarkable that so little is known about the 
early history of the Delta. Few excavations have 
been carried out there, and nothing of pre-dynastic, 
or early dynastic, times has, so far, been brought to 
light from the country north of Cairo. We do know, 
however, that before the arrival of the Falcon-kings 
from Hierakonpolis in the south, Middle and Lower 
Egypt had been, probably for many centuries, united 
under one sceptre, and that before these two parts of 
the country were united there had been a Delta 
Kingdom which had had its capital at Sais. ‘The 
names of some of these early kings are preserved on 
the Palermo fragment cf the famous Annals Tablet, 
and the list there given would alone be enough to prove 
how ancient the Delta civilisation must have been. 
There was certainly nothing comparable with it in 
Upper Egypt in those far-off days. 

What were the physical conditions prevailing in the 
Delta and in the regions to the east and west oi it 
immediately preceding the arrival of Menes in Lower 
Egypt? For the eastern side the evidence is exceed- 
ingly scanty, but there is one fact which is significant. 
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The chief god of the eastern nomes of the Delta in the 
Pyramid Age was Anzety, a pastoral deity who was 
the prototype of Osiris. He is represented as a man 
holding in one hand the shepherd’s crook, and in the 
other the goatherd’s ladanisterion. There can be little 
doubt, therefore, that in the Eastern Delta there lived 
a pastoral people who possessed flocks of sheep and 
goats, and this is evidence of a certain amount of grass- 
land. In the Central Delta at the same period there 
lived a series of clans, among which a Bull Clan was 
predominant. In historic times in Egypt the ox is 
often figured roaming in papyrus and reed marshes, 
and it may be that the Central Delta marshes supported 
herds of domesticated cattle. 

Much more is known about the western side of the 
Delta at the time of Menes. It formed, I believe, part 
of what was called Tehenu-land ; at all events this name 
was given to the region immediately to the west of the 
Canopic branch of the Nile. There can be no doubt 
that this part of the country was a very fertile and 
prosperous region in the period immediately preceding 
the First Dynasty. Its name signifies “ Olive-land,”’ 
and we actually see these trees figured, with the name 
of the country beside them, on a pre-dynastic Slate 
Palette ; on this Palette, above the trees, are shown 
oxen, asses, and sheep of the type later known as 
ser-sheep. It was Menes, the Falcon-king of Upper 
Egypt, who conquered the people of Tehenu-land. 
This conquest is recorded on a small ivory cylinder 
that was found at Hierakonpolis. Another record of 
the southerner’s triumph over these people is preserved 
on his famous Slate Palette ; here the Upper Egyptian 
king is depicted smiting their chieftain, while on the 
verso of the same Palette is the scene of a festival at 
the Great Port, which was perhaps situated near the 
Canopic branch of the Nile. The mace-head of Menes, 
which is now in the Ashmolean Museum at Oxford, has 
a scene carved upon it which shows the king assuming 
the Red Crown of Sais, and the inscription accompany- 
ing it records that he had captured 120,000 prisoners, 
400,000 oxen, and 1,422,000 goats. This immense 
number of oxen and goats is clear evidence that the 
north-western Delta and the region to the west of it 
(Tehenu-land) must have included within its boundaries 
very extensive grass-lands. 

The history of this part of the Delta is most obscure. 
During the period that elapsed from the end of the 
Third Dynasty to the beginning of the Twenty-third, 
when Tefnakht appears upon the scene, we have 
scarcely any information about it. What was happen- 
ing at Sais and other great cities in the north-west of 
Egypt during the period from 2900 to 720 B.c. ? There 
is an extraordinary lacuna in our knowledge of this 
part of the country. The people living there were 
certainly of Libyan descent, for even so late as the 
time of Herodotus the inhabitants deemed themselves 
Libyans, not Egyptians ; and the Greek historian says 
that they did not even speak the Egyptian language. 
The pre-dynastic people who inhabited the greater 
part of the Lower Nile Valley were apparently of the 
same stock as these Libyans. There is a certain class 
of decorated pottery which has been found in pre- 
dynastic graves from Gizeh in the north to Kostamneh 
in the south. On this decorated pottery are figured 
boats with cult-objects raised on poles. Altogether 
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some 170 vases of this type are known, and on them 
are 300 figures of boats with cult-signs. Of these, 124 
give the ‘‘ Harpoon” ensign; 78 the ‘‘ Mountain ” 
ensign ; and 20 the ‘‘ Crossed Arrows ” ensign. These 
cult-objects all survived into historic times; the 
“Harpoon ” was the cult-object of the people of the 
Mareotis Lake region ; the ‘‘ Mountain ”’ and “‘ Crossed 
Arrows ” were the cult-objects of the people dwelling 
on the right bank of the Canopic branch of the Nile. 
Thus it will be seen that out of 300 boats figured on 
vases found in graves in the Lower Nile Valley south 
of Cairo, 222 belong to cults which can be located in 
the north-western corner of the Delta. At the begin- 
ning of the historic period the cult-objects of the people 
of the north-western Delta included (1) the ‘‘ Harpoon,” 
(2) the figure-of-eight “‘ Shield with Crossed Arrows,” (3) 
the “ Mountain,” and probably (4) the “ Double Axe,” 
and (5) a “ Dove” or “ Swallow.” With the exception 
of the ‘‘ Harpoon ” all these cult-objects are also found 
in Crete, a fact which is significant in view of Sir Arthur 
Evans’s remark to the effect that he considers the 
possibility of some actual immigration into Crete of 
the older Egyptian element due to the first Pharaohs. 
The ‘“ Harpoon,” it should be noted, is the prototype 
of the bident, and later, of the trident of the Libyan 
god Poseidon. Here in this western side of Lower 
Egypt is an almost wholly unexplored field for the 
anthropologist. 

I have already referred to the pastoral deity Anzety, 
who, in the Pyramid Age, was chief of the nomes of 
the Eastern Delta. Among all the nome-gods he is 
the only one that is figured in human form ; he stands 
erect holding in his nght hand the shepherd’s crook, 
and in his left the goatherd’s ladanisterion. On his 
head is a bi-cornate object that is connected with goats. 
In the Pyramid Texts, Anzety is entitled “‘ Head of 
the Eastern nomes,” and these included the ancient 
one of the Oxyrrhynchus-fish, where, later, the ram or 
goat was the chief cult-animal. Neither the domestic- 
ated sheep nor the goat can be reckoned as Egyptian 
in origin ; they both came into Egypt from Western 
Asia. We have, therefore, in this pastoral deity 
Anzety evidence of immigration from the west. 

Among the cult-objects of the cities over which the 
god Anzety presided were two which, I believe, can 
definitely be referred to trees that were not indigenous 
to the soil of Egypt but to Syria. One of these cult- 
objects is the so-called Ded-column. This was one 
of the holiest symbols of the Egyptian religion. It 
has four cross-bars at the top like superposed capitals. 
Sometimes a pair of human eyes are shown upon it, 
and the pillar is draped : sometimes a human form is 
given to it by carving a grotesque face on it, robing 
the lower part, crowning the top with ram’s horns, 
and adding two arms, the hands holding the crook and 
ladanisterion. Frazer has suggested that this object 
might very well be a conventional representation of a 
tree stripped of its leaves. That it was, in fact, a 
lopped tree is, I believe. certain. In the Pyramid 
Texts it is said of Osiris, “‘ Thou receivest thy two oars, 
the one of juniper (wan), the other of sd-wood, and 
thou ferriest over the Great Green Sea.” The deter- 
minative sign of the word sd is a tree of precisely the 
same form as the Ded-column that is figured on early 
Egyptian monuments, 7.e. it has a long, thin stem. 
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This tree-name only occurs in inscriptions of the 
Pyramid Age, and it is mentioned as a wood that was 
used for making chairs and various other articles of 
furniture. In the passage quoted from the Pyramid 
Texts it is mentioned together with juniper, and the 
latter was employed in cabinet-making, etc., at all 
periods of Egyptian history. There is no evidence 
that juniper ever grew in Egypt, but we have numerous 
records of the wood being imported from the Lebanon 
region. The sd-tree, as we see from the deterrainative- 
sign of the name, had horizontally spreading branches, 
and was evidently some species of conifer. No conifers, 
however, are known from Egypt ; the sd-wood must, 
therefore, have been of foreign importation. As it is 
mentioned with juniper, which we know came to Egypt 
from Syria, it is possible that it came from the same 
region. Among the trees of the Lebanon there are 
four that have horizontally spreading branches. These 
are the cedar (Cedrus libani), the Cilician fir, Pinus 
laricio, and the horizontal-branched cypress (Cupressus 
sempervirens var. horizontales). 

Much misconception at present exists with regard to 
the Lebanon Cedar, because the name “ cedar” is 
applied to a large number of woods which are quite 
distinct from it, and the wood which we generally call 
cedar (e.g. the cedar of our “cedar” pencils) is not 
true cedar at all, but Virginian juniper. The wood of 
Cedrus libani is light and spongy, of a reddish-white 
colour, very apt to shrink and warp badly, by no means 
durable, and in no sense is it valuable. Sir Joseph 
Hooker, who visited the Lebanon in 1860, notes that 
the lower slopes of that mountain region bordering the 
sea were covered with magnificent forests of pine, 
juniper, and cypress, “so that there was little induce- 
ment for the timber hewers of ancient times to ascend 
6000 feet through twenty miles of a rocky mountain 
valley to obtain cedar wood which had no particular 
quality to recommend it. The cypress, pine, and tall, 
fragrant juniper of the Lebanon, with its fine red heart- 
wood, would have been far more prized on every account 
than the cedar.” The sd-tree was, I believe, the 
horizontal-branched cypress, which is common in the 


. wild state. In the Middle Ages this tree was believed 


to be the male tree, while the tapering conical-shaped 
cypress was considered to be the female. This is an 
interesting fact, because there is some evidence to 
show that the tapering variety was the symbol of 
Hathor-Isis, while the horizontal-branched one was 
the symbol of Osiris. 

Not far from the city of Osiris in the Delta was 
Hebyt, the modern Behbeyt el Hagar. Its sacred 
name was Neter. The Romans called it Iseum. It 
was the ancient seat of Isis-worship in Egypt, and the 
ruins of its temple to that goddess still cover several 
acres of ground in the neighbourhood. On the analogy 
of other sacred names of cities the primitive cult-object 
here was the nér-pole. This was not an axe, as has so 
often been supposed, but a pole that was wrapped 
around with a band of coloured cloth, tied with cord 
half-way up the stem, with the upper part of the band 
projecting as a flap at top. Dr. Griffith conjectured 
that it was a fetish, e.g. a bone carefully wound round 
with cloth, but he noted that “ this idea is not as yet 
supported by any ascertained facts.” As a hieroglyph 
this wrapped-up pole expresses nér, “‘ god,” “ divine,” 
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in which sense it is very common from the earliest 
times ; gradually it became determinative of divinity 
and of the divine names and ideographic of divinity. 
Another common ideograph of “god” in the Old 
Kingdom was the Falcon (Horus) upon a perch, and 
this sign was also employed as a determinative oj 
divinity and of the names of individual gods ; it even 
sometimes occurs as a determinative sign of the m/y- 
pole, e.g. Pyr. Texts, 482. This use of the Falcon 
indicates that in the early dynasties the influence of the 
Upper Egyptian Falcon-god (Horus) was paramount. 

There is reason, however, for believing that the 
ntr-pole cult had at an earlier period been the pre- 
dominant one among the writing people of the Delta ; 
this, I think, is shown by the invariable use of the mir- 
pole sign in the words for priest (hm-ntr, god’s servant) 
and temple (hi-nir, god’s house). Now, on a label o! 
King Aha of the First Dynasty there is a representa- 
tion of the temple of Neith of Sais. Here two poles 
with triangular flags at top are shown on either side o/ 
the entrance. Later figures of the same temple show 
these poles with the rectangular flags precisely as we 
find in the ér-sign. A figure of the temple of Hershei 
on the Palermo Stone shows two poles with triangular 
flags, while a Fourth Dynasty drawing of the same 
temple shows the same poles with rectangular flags. 
We see, therefore, that the triangular-flagged pole 
equals the rectangular-flagged one, and that the n/y 
is really a pole or mast with flag. 

Poles of this kind were probably planted before the 
entrances to most early Egyptian temples, and the great 
flag-masts set up before the pylons of the great temples 
of the Eighteenth and later dynasties are obviously 
survivals of the earlier poles. The height and straight- 
ness of these poles prove that they cannot have been pro- 
duced from any native Egyptian tree ; in the Empire, 
flag-staves were regularly imported from Syria ; it is 
probable, therefore, that in the earlier times they were 
introduced from the same source. A well-known name 
for Syria and the east coast of the Red Sea, as well as 
of Punt, was Ta-ntr, “ the land of the mér-pole.”” This 
was the region in which the primitive Semitic goddess 
Astarte was worshipped. In Canaan there was a 
goddess Ashera whose idol or symbol was the ashera 
pole. The names of Baal and Ashera are sometimes 
coupled precisely as those of Baal and Astarte, and 
many scholars have inferred that Ashera was only 
another name of the great Semitic goddess Astarte. 
The ashera-pole was an object of worship, for the 
prophets put it on the same line with the sacred 
symbols, such as Baal pillars ; the ashera was, there- 
fore, a sacred symbol, the seat of a deity, the mark 
of a divine presence. In late times these asherim did 
not exclusively belong to any one deity; they were 
erected to Baal as well as to Yahw. They were sign- 
posts set up to mark sacred places, and they were. 
moreover, draped. They correspond exactly to the 
ntr-poles of Egyptian historic times. 

I have noted that these niér-poles were tall and 
straight. What tree produced them? In Egyptian 
inscriptions there is often mentioned a tree named 
tr.t. It was occasionally planted in ancient Egyptian 
gardens, and specimens of it were to be seen in the 
Temple garden at Heliopolis. The seeds and sawdust 
were employed in medicine, and its resin was one ol 
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the ingredients of the Kyphi-incense. Chaplets were 
made of its twigs and leaves. The tree was sacred 
to Hathor ; branches of it were offered by the Egyptian 
kings to that goddess. In a Saite text it is mentioned 
with three other trees, pine, yew, and juniper ; these 
are all found in Northern Syria, where they grow 
together with the cypress ; the ér.t tree may therefore 
be the cypress. Evidence has been brought forward 
to show that the sd-tree is the horizontal-branched 
cypress, which was believed to be a male tree, while 
the tapering, flame-shaped cypress was believed to be 
the female tree. The Ded-column was the symbol of 
Osiris, and at Busiris a festival of raising this column 
was celebrated. The ¢r.t tree was sacred to Hathor, 
who is often identified with Isis, and there was a festival 
of raising the ¢.t tree that was celebrated on the 
nineteenth day of the first month of the winter season. 
It is not known where this festival was celebrated, 
but it may well have been at Neter, the seat of the Isis 
cult near Dedu-Busiris. The two tree-cults point 
to Northern Syria as the country of their origin. 

In the architecture of ancient Egypt two distinct 
styles can be recognised. One is founded on wattle- 
and-daub, the other on wood construction. Wattle- 
and-daub is the natural building material of the Nile 
Valley and Delta, and the architectural forms derived 
from it are certainly indigenous. Those styles derived 
from wood construction, on the other hand, could 
not have originated in Egypt ; they must have arisen 
in a country where the necessary timber was ready at 
hand. Egypt produces no coniferous trees and no 
timber that is at all suitable for building purposes, or 
indeed for carpenter’s work of any description. The 
wood of the sycomore-fig is very coarse-grained, and 
no straight planks can be cut from it. The sint-acacia 
is so hard that it requires to be sawn while it is green ; 
it is very irregular in texture, and on account of the 
numerous branches of the trunk it is impossible to cut 
it into boards more than a couple of feet in length. 
he palaces of the early kings of the Delta were built 
9f coniferous wood hung with tapestry-woven mats. 
The tomb of Menes’ queen, Neith-hotep, at Naqada, 
was built of brick in imitation of one of these timber- 
constructed palaces, and smaller tombs of the same 
sind are known from the Second and Third Dynasties, 
yut not later. As early as the reign of King Den 
(First Dynasty) the palaces of this type were beginning 
to be built of the native wattle-and-daub in combina- 
tion with wood, and by the end of the Pyramid Age 
the style disappears entirely, though the memory of 
it was preserved in the false-doors of the tombs and 
stele. Brick buildings similar to those of the “‘ palace ”’ 
style of Egypt are alse known from early Babylonia, 
and they were at one time regarded as peculiarly 
characteristic of Sumerian architecture. These, ob- 
viously, must have been copied, like the Egyptian, 
irom earlier timber forms. In Babylonia, as in Egypt, 
timber was scarce, and there are records that it was 
sometimes obtained from the coast of Syria. This 
was the region from which the Egyptians throughout 
historic times obtained their main supplies of wood, so 
it is not improbable that they, as well as the Sumerians, 
derived this particular style of architecture from 
Northern Syria. I may observe in passing that in 
this “palace” style we have the transition form 


NO. 2826, VOL. 112] 


between the nomad’s tent and the permanent building 
of a settled people. 

The lack of native timber in Egypt is significant 
in another direction. Boats of considerable ‘size are 
figured on many pre-dynastic monuments. They are 
long and narrow, and in the middle there is usually 
figured a reed or wicker-work cabin. In my view 
these boats were built, like many of those of later 
periods in Egypt, of bundles of papyrus reeds bound 
together with cord ; they were, in fact, great canoes, 
and, of course, were only for river traffic. They were 
not sailing boats, but were propelled by means of oars. 
No mast is ever figured with them, but they generally 
have a short pole amidships which is surmounted by 
a cult-object. On one pre-dynastic vase there is a 
figure of a sailing ship, but this is totally different in 
build from the canoes, and it has a very high bow and 
stern with its mast set far forward in the hull. Similar 
vessels are figured on the ivory knife-handle of pre- 
dynastic date from Gebel el Araq, but these vessels 
appear to be in port and the sails are evidently lowered. 

I have already referred to the Great Port mentioned 
on the Palette of Menes. A port implies shipping and 
trade relations with people dwelling along the coast or 
across the sea. It may be that the people of the north- 
western Delta built wooden ships, but if they did they 
must have procured their timber from some foreign 
source. Coniferous wood was already being imported 
into the Nile Valley at the beginning of the First 
Dynasty from the Lebanon region, and it must be 
remembered that the Egyptian name for a sea-going 
ship was kbnyt, from Keben, “ Byblos,” the port of 
the Lebanon, where these ships must have been built 
and from whence they sailed. The sacred barks of 
the principal gods of Egypt in historic times were 
invariably built of coniferous wood from the Lebanon. 
Transport ships on the Nile were sometimes built of 
the native sint-wood, and Herodotus describes them 
as made of planks about two cubits long which were 
put together “ brick-fashion.” No masts or sail- 
yards, however, could possibly be cut from any native 
Egyptian tree. In the Sadan at the present day masts 
are sometimes made by splicing together a number 
of small pieces of sint and binding them with ox-hide, 
but such masts are extremely liable to start in any 
gale, and they would be useless for sea-going ships. 
It may be doubted whether the art of building sea- 
going ships originated in Egypt. 

It may be doubted also whether the custom of 
burying the dead in wooden coffins originated in 
Egypt. In countries where a tree is a rarity a plank 
for a coffin is generally unknown. In the Admoni- 
tions of an Egyptian Sage written some time before 
2000 B.C., at a period when there was internal strife 
in Egypt, the Sage laments that “ Men do not sail 
northwards to [Byb]-los to-day. What shall we do 
for coniferous trees for our mummies, with the 
produce of which priests are buried, and with the oil 
of which [chiefs] are embalmed as far as Keftiu ? 
They come no more.” This ancient Sage raises another 
anthropological question when he refers to the oil used 
for embalming. The only oils produced by native 
trees or shrubs in Egypt were olive oil, ben oil from 
the moringa, and castor oil from the castor-oil plant. 
The resins and oils used for embalming were principally 
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those derived from pines and other coniferous trees. 
Egypt produced no kinds of incense trees or shrubs. 
The common incenses were pine resin, ladanum, and 
myrrh, and all these were imported. It is difficult to 
believe that the ceremonial use of incense arose in Egypt. 

These are a few of the questions raised by a study of 
the material relating to the origins of the ancient 
civilisation of Egypt. An immense vista has been 
opened out before our eyes by the discoveries of the 
last thirty years, and now, in Egypt better than in any 
other country in the world, we can see man passing 


from the primitive hunter to the pastoral nomad, from 
the pastoral nomad to the agriculturist, and then 
on to the civilised life which begins with the art o! 
writing. We can see in the Delta and in the Lower 
Nile Valley tribes becoming permanently settled in 
fixed abodes around primitive cult-centres, and then 
uniting with others into one community. We can 
trace the fusion of several communities into sing 
States, and then, later, the uniting of States under 
a supreme sovereign. What other country in th: 
world preserves such a record of its early history ? 


Rare Gas Discharge Lamps. 
By J. W. Ryper, Research Laboratories of the General Electric Company, Ltd., Wembley. 


A DISCHARGE of electricity through a gas at 
atmospheric pressure generally takes the form 
of a luminous spark which will pass only under 
a potential gradient of several thousand volts per 
centimetre. If, however, the pressure of the gas is 
reduced, the appearance of the discharge changes. 
First it spreads out into wavy streamers ; the streamers 
then broaden until the discharge tube is filled with a 
diffuse luminous glow extending from the positive 
electrode to within a short distance of the cathode. 
This glow is known as the positive column. The 
cathode is now covered with a layer of bright luminosity 
called the negative glow, and on close inspection is 
seen to be not quite in contact with the electrode but 
separated from it by a thin and sharply defined region, 
known as the Crookes’s dark space. Another less well- 
defined dark region, the Faraday dark space, is between 
the negative glow and the positive column. Further 
reduction of the pressure results in a widening of both 
dark spaces and the negative glow, the positive column 
at the same time becoming correspondingly shorter. At 
still lower pressures the Crookes’s dark space increases 
until finally it fills the whole tube and there is no 
further luminosity of the gas. 

The potential necessary to start the discharge 
depends on the pressure and nature of the gas, the 
form and material of which the electrodes are made, 
and also on the distance between them. In a given 
gas with given electrodes the starting potential is large 
at high pressures, but decreases, in an almost linear 
relation, with decrease of pressure, reaching a minimum 
at what is called the critical pressure, after which it 
rises again very rapidly. The pressure at which the 
minimum occurs depends on the form of the electrodes, 
their distance apart and the nature of the gas, but 
the minimum itself depends on the nature of the gas 
and the material and form of the cathode employed. 
It is about 200 volts for neon, 280 volts for hydrogen, 
340 volts for air, and 420 volts for carbon dioxide. 
Small traces of impurity affect these values to a great 
extent ; thus, the addition of only o-5 per cent of 
pure hydrogen to neon reduces the minimum starting 
potential by nearly 50 volts, 5-o per cent reduces it 
by about 60 volts, but if more than 5-o per cent is added 
the hydrogen ceases to act as an impurity and begins to 
show its own characteristics, so that the starting voltage 
rises again. On the-other hand, small quantities of 
other gases, such as oxygen, raise the starting potential 
instead of lowering it. The material of which the 
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cathode is made has also some effect. The figures 
given above refer to cathodes of ordinary metals such 
as iron, nickel, or copper, etc., between which there are 
only small differences, but with magnesium, barium, 
or the alkali metals the starting voltage is considerably 
reduced ; in fact, with certain alloys of these metals, 
the glow discharge can be started in neon at a potential 
so low as 90 volts and may be maintained at 58 volts. 

When once the discharge has started, the potential 
can be lowered somewhat before the discharge stops. 


400 
e 


Milliamperes 


100 Volts. 200 
Fic. 1. 
The curve connecting this “ going out ” voltage and 
the pressure is roughly similar to the starting voltage 
curve, but is displaced to a position somewhat below it 
on the voltage ordinate. 

If the electrodes are only a short distance apart, so 
that the positive column is absent, the relation between 
the current flowing and the potential applied across tlic 
electrodes is that shown in Fig. 1. The states repre- 
sented by the lower and upper parts of the curve are 
unstable, and can be observed only if there is in series 
with the discharge an appropriate resistance, by means 
of which the current may be varied. With this arrange- 
ment, when the current is only of the order of a micro- 
ampere, a faint glow is seen some distance from tlic 
cathode. The potential between the electrodes falls 
rapidly as the current is increased, and at the same time 
the glow becomes brighter and assumes the form oi @ 
sharply defined patch moving nearer and nearer to tlic 
cathode as the current rises. The voltage now remains 
sensibly constant, being that known as the normal 
cathode fall, which is the lowest potential at whicl 
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the unsupported discharge can be maintained. With 
a further increase of current, the glow spreads laterally 
over the cathode, its intrinsic brilliancy and the current 
density remaining practically constant. A value of the 
current is eventually reached at which the cathode 
becomes completely covered with a layer of glow 
separated from it by the Crookes’s dark space, which is 
only a fraction of the width of the layer of glow itself. 
Any further increase in current brings us to the part ¢ 
of the curve; the voltage now increases with increase 
of current and the glow becomes brighter and the dark 
space narrower. The curve eventually becomes very 
steep, following the path cc’, and currents of the order 
of several amperes per square centimetre of cathode 
surface can be passed. At some part of the curve cc’ 
tie cathode begins to heat up considerably, and if 
composed of a refractory metal such as tungsten, will 
become white-hot; thermionic emission then takes place 
and the glow discharge passes over to the arc discharge. 
As soon as this begins the potential difference between 
the electrodes begins to decrease as the current rises, 
and may finally drop to only a few volts. 

Gas discharge lamps may be divided into three 
classes, namely : (1) Lamps in which practically all the 
light is emitted by the positive column, (2) negative 
glow lamps in which the positive column is absent, and 
(3) lamps in which the light is emitted not from the gas 
but from the cathode itself, which is rendered incan- 
descent by the.discharge. 

Lamps of the Moore type belong to the first class. 
They consist of a long glass tube filled with gas to a 
pressure of a few millimetres and having an electrode 
at each end. On account of the distance between the 
electrodes, the operating potential usually amounts to 
several thousand volts and is inconveniently high. 
Recently, short tubes of this type containing neon, and 
having electrodes made of alkali metal alloys, have 
been developed which will run on 220 volt A.C. supply, 
but require a special device giving a higher voltage for 
starting. These lamps are very efficient; with some of 
the tubes an efficiency of 0-65 watts per candle is 
obtainable. The colour of the light, however, is a 
brilliant orange red, which for many purposes is objec- 
tionable. 

The second class of lamp was developed to run 
directly on ordinary lighting circuits. The electrodes 
are placed a few millimetres apart in a small bulb, 
the distance between them being such that the positive 
column is absent; this is to enable them to start and 
run at ordinary supply voltages. The gas used for 
filling the lamps is neon with about 20 per cent. of 
helium, which is separated with it during the process 
of extraction from the air. The advantages of neon 
are threefold. In the first place, most of the energy 
radiated from the glowing gas lies in the visible spectrum; 
secondly, the starting potential is lower than in other 
gases; and thirdly, the colour of the light emitted, being 
a yellow orange, is more suitable for illumination 
purposes than that from any other gas. By using 
hydrogen to reduce the starting voltage as explained 
above, and by filling the lamps to about the critical 
pressure (10 mm.), it is possible to make lamps having 
iron electrodes in which the discharge will start at about 
150 volts. 

The whole of the light from these lamps comes from 
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the negative glow, which appears as a layer of bright 
orange luminosity about two millimetres thick com- 
pletely covering the cathode, whatever its size or shape. 
The Crookes’s dark space at the pressure used is only a 
fraction of a millimetre thick and is not easily seen. 
In consequence, the luminosity takes the form of the 
cathode, so that if this electrode is formed out of a sheet 
of metal in the shape of a letter, numeral, or similar sign, 
it will appear brilliantly illuminated when the discharge 
is passing. It is in this form that the tube is used for 
advertising purposes. In cases where the lamp is 
required for dim illumination, the cathode is made of a 
spiral of wire in the shape of a beehive, which ensures an 
approximately even distribution of light in all directions. 
The other electrode is either an iron wire hidden behind 
the letter, or a plate inside the spiral. On direct current 
only one electrode becomes illuminated, but on alter- 
nating current the small electrode also glows during the 
half cycle when it becomes the cathode. 

On account of the rigidity of the mechanical con- 
struction, the lamps are robust and their life is limited 
only by their progressive blackening. This blackening 
is due to particles of the cathode which are shot off 
during the passage of the discharge and collect in the 
form of a film on the bulb. The rate at which the 
blackening takes place depends on the current passing 
through the lamp, and also varies very greatly with the 
particular metal used for the electrodes and the nature 
of the gas. The addition of impurities which lower the 
starting potential of the gas also considerably reduces 
the blackening. Thus, with iron electrodes and pure 
neon, the useful life of the lamp would only be about 
80 hours, while with an addition of a small percentage 
of hydrogen the life becomes of the order of 1000 hours 
or more. A series resistance placed in the caps of the 
lamps makes them suitable for various voltages, and at 
the same time reduces the current to a value leading 
to a reasonable life. 

These lamps, in common with all forms of Geissler 
discharge tubes, possess many properties which are 
valuable for purposes other than that of lighting. For 
example, when running on the part ab of the curve of 
Fig. 1 they can act as a negative resistance and can be 
used to generate oscillations. They are also sensitive 
detectors of current ; the luminosity produced by a 
current of one microampere is easily seen if the lamp is 
shielded from direct daylight. But these other develop- 
ments cannot be treated here. 

In the third class of lamp, the electrodes are usually 
tungsten spheres about one millimetre in diameter and 
placed one millimetre apart. The bulb is filled with 
neon to about 50 mm. pressure. When first switched 
on, an intense glow discharge takes place which heats 
the cathode white-hot ; a thermionic emission then 
ensues and the potential across the lamp drops to about 
25 volts, the current being 1-0 to 1:25 amperes, the 
remaining volts being dropped in the series resistance. 
The lamp at this final stage operates in the region e 
of the current voltage curve shown in Fig. 1. The 
white-hot tungsten ball acts as a very intense point 
source of light suitable for projection purposes. The 
Pointolite lamp is a variant of this form, in which the 
discharge is initiated by means of a tungsten spiral 
heated electrically, the heating current being cut off 
when the lamp has started. 
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Lieut.-Cot. H. H. Gopwin-AusTEN, F.R.S. 


HE death, on December 2, of Lieut.-Col. Henry 
Haversham Godwin-Austen in his ninetieth year 
removes the last of the great pioneers in the geography 
of the Himalaya and a leading authority on Indian 
Mollusca. Col. Godwin-Austen was born at Teign- 
mouth, July 6, 1834. He was a fellow-student with 
Lord Roberts at Sandhurst, whence they both went 
to India at the end of 1851. Godwin-Austen saw 
service the next year in the second Burmese War. 
His scientific tastes, which were hereditary—-for his 
father, R. A. C. Godwin-Austen, was a geologist who has 
left an enduring reputation owing to his exceptional 
insight—led him in 1857 to join the Indian Survey 
Department. It was his privilege to survey northern 
Kashmir, where he discovered the Baltoro, Hispar, and 
Biafra Glaciers—the greatest group of valley glaciers 
in the world. They were afterwards traversed and 
mapped by Sir Martin Conway, who named the tribu- 
tary glacier to the Baltoro from K, the Godwin-Austen 
glacier. The glaciers were described by Godwin- 
Austen in a short paper in the Proceedings of the 
Royal Geographical Society (vol. viii., 1864), the dis- 
cussion on which is remarkable for Falconer’s advocacy 
of the pre-glacial age of the Alpine lake basins and 
their preservation by the protective action of glaciers. 
During this survey Godwin-Austen fixed the position 
and heights of many of the giant peaks of the Kara- 
korums, including K,, which had been previously 
discovered by Montgomerie. It is often known as 
Mt. Godwin-Austen, and according to the heights 
adopted by the Indian Survey Department is the 
second highest mountain in the world. 

While Godwin-Austen was working in this district 
he made many mountain ascents, of which his highest 
was on Mata, 20,600 ft., in 1862. In 1863-64 he was 
engaged in the survey of the eastern parts of the 
Himalaya around Darjeeling and in Bhutan, and, later 
still, further east on the Khasia Hills and in Assam. 
His views on the geographical structure and classifica- 
tion of the Himalaya were stated forty years ago in 
his presidential address to the Geographical Section 
of the British Association, which is his most important 
geographical paper. He contributed to the Geelogical 
Society several papers which made important additions 
to the geology of the Himalaya, including the dis- 
covery of the extension into Kashmir of the Spiti 
series, the most significant horizon in the Himalaya. 
In 1884 he described the drifts exposed in a new 
railway cutting near his home at Guildford, and the 
paper was illustrated by sections, characterised by 
the same precision and detail as those issued with his 
Indian papers. 

After leaving the Indian Survey, Godwin-Austen’s 
main interest was in the land mollusca. He was 
described as having “a unique knowledge of Indian 
molluscs.” He contributed to “ The Fauna of British 
India ” the volume on the Testacellide and Zonitide. 
The value of his work on that group is shown by his 
election as president of the Malacological Society in 
1897-9, and of the Conchological Society in 1908-9. 
His later years were burdened by financial embarrass- 
ment due to an unfortunately worded will. He 
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Obituary. 


inherited the paternal estate of Shalford, which proved 
a vampire instead of the source of a comfortah| 
income. His interest was subject to fixed charges 
which, when the value of land fell, used up more than 
the whole of the income from the property. He bore 
this trouble with his characteristic courage and cheer- 
fulness. Great sympathy was also recently felt for 
him, owing to the unfortunate loss of the portofoli, 
of sketches and maps made during his Kashmir service, 
sixty years ago. 

Godwin-Austen was elected F.R.S. in 1880, and 
received a belated Founders’ Medal from the Royal 
Geographical Society in 1910. 


HERLUF WINGE. 


Ir is with much regret that we record the sudden 
death, on November 10, at Copenhagen, of Herlui 
Winge, who for many years, and until his death, was 
“ Viceinspektor ” in the Zoological Museum of the 
University of Copenhagen. As a lad Winge began to 
study the small mammals of Denmark, and his earliest 
papers upon this subject were full of promise. A 
little later, in 1877, while still a student in the Uni- 
versity of Copenhagen, he published an account of 
some of the skull characters in the mole, shrew, and 
other Insectivora, in which he displayed not only 
remarkable learning but a most clever technique. 
In 1882 he gave his views upon the mammalian denti- 
tion and his theory of cusp homologies in a paper 
which will ever be regarded as a classic. In the same 
year appeared an account of a collection of mammals 
from Greece ; and in preparing this Winge was led so 
far afield investigating the relationships and special 
adaptations of the species before him that he himself 
regarded this piece of work as the foundation of the 
important publications next to be noticed. 

Between 1887 and 1915 Winge published a series 
of works which ostensibly are descriptions of the fossil 
bones collected by Lund in the caves of Lagoa Santa, 
Minas Geraes, Brazil, and of the recent mammalia 
obtained in the same region by Lund and Reinhardt. 
Taking these mammals order by order (Rodents, 1887 ; 
Chiroptera, 1892; Carnivora, Primates, 1895; Mar- 
supials, including Monotremes, 1897; Ungulates, 
including Sirenia, 1906; Edentates, 1915), Winze 
commenced each memoir with a description of the 
Brazilian material ; but, that finished, he proceeded 
in each case to give a review of the whole order, bringing 
out his views of the evolution and relationships of the 
orders and of every fossil and living family and genus 
in a wonderfully clear and concise style. He seems to 
have prepared a complete monograph of each genus 
dealt with ; and then to have compressed each mono- 
graph into a short paragraph and very often into a 
single sentence. But in this small space he contrives 
not only to state all that is essential, but to throw many 
a brilliant beam across what was previously obscure. 
Companion reviews of the Insectivora (1917) and the 
Cetacea (1919), the two orders not represented in the 
Lagoa Santa material, have since been published by 
Winge. That dealing with the Cetacea has recently 
been translated from the Danish by Mr. G. S. Miller 
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and published in the Smithsonian Miscellaneous 
Collections. 

A collected and revised edition of these reviews, in 
three volumes, under the title of ‘‘ Pattedyr-Slegter,” 
is at present passing through the press ; and the first 
volume of this work was received in London on the 
day before Winge’s death. This new and more 
convenient edition will be welcome, for it is but bare 
justice to state that the reviews in question constitute 
together the finest, most comprehensive, and most 
inspiring technical account of the class Mammalia 
that has ever been written. 

Many other papers dealing with the mammals of 
Greenland and the fossil mammals and birds of Den- 
mark were published by Winge. In 1908 he contri- 
buted the volume on Danish Mammals to the series 
handbooks entitled ‘Danmarks Fauna”; and this 
little book, illustrated by Winge himself, is at once 
admirable and inimitable. 


| 


| 
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Reviewing the whole of Winge’s published work, 
one cannot fail to be struck by an extraordinary fact. 
It is that in his writings one does not mark the flight 
of time. He seems to have acquired his full mental 
power and his own peculiar way of looking at things 
at an extremely early age; for his early papers of 
1877 and 1882 read to-day, exactly like that of 1919, 
as the work of a great master. M.A. 


WE regret to announce the following deaths : 


Prof. F. Clowes, emeritus professcr of chemistry 
and metallurgy and first principal of University 
College, Nottingham, and the author of well-known 
text-books on analytical chemistry, on December 18, 
aged seventy-five. 

Canon T. Wood, well known for his natural history 
studies, on December 13, aged sixty-one. 


Current Topics and Events. 


Two octogenarian fellows of the Royal Society | 


celebrated their birthdays this week. Sir Archibald 
Geikie, O.M., the Nestor of British geology, who was 
elected to the Royal Society so long ago as 1865, 
attained the age of eighty-eight on December 28, and 
another distinguished geologist, Sir W. Boyd Dawkins, 
elected to the Society in 1867, was eighty-five on 
December 26. To both of them the congratulations 
of all scientific workers will be heartily accorded. 
Sir Archibald Geikie, who figured as a “ Scientific 
Worthy ” in Nature thirty-one years ago (January 5, 
1893), has a world-wide reputation. As a geologist, 
and as the author of the ‘‘ Text-book of Geology,” 
originally published in 1882, and of other standard 
works on geology and geography, he is known every- 
where. This is in great measure due to the way in 
which Sir Archibald is able to quicken interest in 
his subject by the expression of his deep and intense 
feeling for Nature. No one has done more to link 
geology with appreciation of the natural beauty of 
scenery. His work as an original investigator in 
geology and as a writer of inspiring volumes on this 
subject and on physical geography won for him the 
koyal medal of the Royal Society in 1896. From 
1908 until 1913 Sir Archibald served as president 
of the Royal Society, while he was president of the 
British Association at the Edinburgh meeting in 1892. 
For the period 1882-1901, he was Director-General of 
the Geological Survey of the United Kingdom and 
Director of the Museum of Practical Geology. In 
spite of his advanced age, Sir Archibald maintains his 
active interest in both science and literature, and so 
recently as 1918 he produced a notable volume of 
Memoirs of John Michell, who died in 1793, one of the 


* early workers in geology. 


SCIENTIFIC societies and other bodies organising 


conferences for next year should know that the 


authorities of the British Empire Exhibition to be 
held at Wembley have constructed an admirable 
congress building containing four conference halls, 
with appropriate committee rooms, etc., capable of 


‘Seating 2140, 550, 180, and 150 persons respectively. 
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These halls are being allocated to responsible organis- 
ing committees free of charge, and early application 
should be made for the use of any of them, as the 
dates are being filled up rapidly. The following 
scientific and technical societies, among others, have 
already booked one or more of the halls for con- 
ferences on different dates: The British Engineers’ 
Association, the British Electrical and Allied Manu- 
facturers’ Association, the Institution of Sanitary 
Engineers, the Textile Institute, the Society of Dyers 
and Colourists, the North-East Coast Institution of 
Engineers and Shipbuilders, the Institution of Auto- 
mobile Engineers, the Museums Association, the 
Horace Plunkett Foundation, the Health Propaganda 
Association, the Association of British Chemical 
Manufacturers, the Institution of Mining and Metal- 
lurgy, the Municipal Electrical Association, the 
Electrical Contractors’ Association, and the Gas 
Association. Applications for use of the halls on 
dates still open should be sent to the Secretary, 
Conference Committee, British Empire Exhibition, 
16 Grosvenor Gardens, London, S.W.1. 

WitH the approaching retirement of Prof. S. 
Alexander from its chair of philosophy, the University 
of Manchester loses the services of one of the most 
original of the elder generation of thinkers. Nearly 
fifty years ago, he came from Australia to Oxford, 
where he gained reputation by a rare power of winning 
first classes. He soon, however, deserted other 
pursuits for philosophy, and won an assured position 
before he was thirty by his remarkable book on 
““Moral Order and Progress.’’ Called in 1893 from 
a tutorship at Lincoln College to succeed Robert 
Adamson at Manchester, he has represented philosophy 
there for more than thirty years. At Oxford he was 
conspicuous in the reaction against the philosophy 
of T. H. Green, and was among the first to preach to 
an unheeding university the importance of modern 
psychology. But he never lost a bent for metaphysics 
and for vigorous thinking about fundamentals. His 
philosophic position was fully revealed in his Gifford 
lectures at Glasgow on “ Space, Time, and Deity,” 
published in 1920. A book so technical defies 
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analysis, and it is enough to say that, though many 
disagreed with his doctrine, there was an absolute 
consensus among experts that it was a contribution 
of the first importance to philosophic thought. Yet 
few philosophers have lived less in the clouds, and 
Alexander has not only discharged meticulously 
the duties of an exacting chair, but has also been 
prominent in many university and public activities. 
Ever a keen champion of the higher education of 
women, he took a foremost part in the foundation of 
Ashburne Hall, the women’s hall of residence, the 
secretaryship of which he is resigning on his retire- 
ment from university life. 


Tue first part of the funeral service for Canon 
T. G. Bonney was held in the Chapel of St. John’s 
College, Cambridge, on December 12. Among those 
present were the following fellows of the Royal 
Society: Prof. A. C. Seward and Prof. J. E. Marr 
(Geological Society), Mr. C. T. Heycock (Cambridge 
Philosophical Society), Prof. E. J. Garwood (Alpine 
Club), Sir Clifford Allbutt, Prof. H. F. Baker, Mr. 
F. F. Blackman, Sir Joseph Larmor, Dr. G. D. Liveing, 
Sir Ernest Rutherford, Prof. W. T. Sollas, Sir Joseph 
Thomson, Prof. W. W. Watts, and Prof. J. T. Wilson. 


THE Council of the Royal Meteorological Society 
has awarded the Symons gold medal for 1924 to Dr. 
Takematsu Okada, Director of the Central Meteoro- 
logical Observatory, Tokyo, Japan. The medal is 
awarded for distinguished work in connexion with 
meteorological science, and will be presented at the 
annual general meeting on January 16. 


THE discussion before the Illuminating Engineer- 
ing Society on December 11 was concerned with a 
problem that confronts many of those who are associ- 
ated with applied science—the best method of dis- 
seminating technical information amongst the general 
public. Illumination involves an appeal to the eve, and 
influence is best brought to bear through the medium 
of actual demonstrations of good and bad methods 
of lighting. Details of actual experience in practice, 
for example, of improved output and greater freedom 
from accidents resulting from better lighting, are 
also of great value. But in order to be convincing, 
such data must be derived from scientifically con- 
ducted tests and backed by recognised authority. 
Mr. Dow mentioned some of the work which the 
Society is doing in this connexion—for example, in 
co-operation with representatives of the printing 
trade and with the British Industrial Safety First 
Association. A considerable part of the discussion 
was devoted to the question of the high values of 
illumination now being advised in some quarters. 
The view was expressed that such recommendations 
must be based on scientific method, and that the 
desired conditions are best ascertained by experi- 
ments conducted with the aid of leading industrial 
councils. This same point also came up for considera- 
tion in a discussion initiated by Mr. W. P. Fanghaenel 
and Mr. W. N. Booth before the Institution of Civil 
Engineers on December 12, when Mr. L. Gaster 
explained the procedure of the Home Office Depart- 
mental Committee concerned with industrial lighting 
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and emphasised the distinction between values desir- 
able in practice and legal minima. 


In order that donors might have the opportunity 
of seeing the premises and the equipment of the 
Department of Glass Technology at the University 
of Sheffield, a series of luncheons have been arranged, 
the first having been given by Mr. W. F. J. Wood, 
chairman of the Glass Research Delegacy, on Novem- 
ber 15, and the second of the series by Prof. W. E. S. 
Turner, president of the Society of Glass Technology, 
on December 13. The new premises, which cover 
three-fourths of an acre, were, until the end of 1920, 
in occupation as an actual glass works. Since being 
purchased at a price of goool., considerable altera- 
tions have been made, a set of laboratories and smal! 
library constructed, whilst the other buildings have 
been adapted and equipped with plant for experi- 
mental glass melting. In this connexion there are 
furnaces capable of melting glass on any scale between 
a few grams and about 120 Ib., the firing being by 
town’s gas and compressed air, whilst a large two- 
pot recuperative furnace fired by oil has a capacity 
of two pots each of about 15 cwt. There are, in 
addition, a block of buildings devoted to the making 
of all sizes of clay pots, store rooms for the glass- 
making materials, a room for mixing, a machine 
room, smith’s shop, compressor house, etc. Courses 
of instruction lead to the degree of B.Sc.Tech. and 
higher degrees. In addition, however, to the normal 
teaching work of the Department, a great deal of 
experimental work has been done for individual 
manufacturing firms, whilst since 1917 no fewer 
than 96 papers involving research have been 
published from the Department. The Department 
has no endowment, but the glass industry has been 
very appreciative of the work done and has con- 
tributed generously towards its maintenance. 


Mr. T. W. T. Tuckey, who was in Japan at the 
time of the great earthquake, had an opportunity 
shortly afterwards of visiting both Tokyo and 
Yokohama, and gives the results of his observations 
in Engineering for November 30. The framework 
of the ordinary Japanese house is made of very light 
uprights secured, by tenons only, to other light 
horizontal members at the floor and ceiling. The 
floors and ceilings are wood, and the inside divisions 
are of wood and paper. When a severe shock causes 
the tenons to break, the structure closes up and pins 
down any occupants who do not escape quickly. 
The charcoal fires are also pinned and thus fires are 
started. It is almost inconceivable that up to 
August 31, 1923, such buildings were still being 
constructed in the capital city of Tokyo. Temples 
are also built of wood and have nothing but hori- 
zontal and vertical timbers in their construction ; 
the timbers, however, are very massive, and such 
buildings stand up well against earthquakes and 
storms. In Tokyo, the first brick buildings of any 
importance were put up by the Government ; nearly 
all these buildings survived the shock, though a few 
were burned. It will be remembered that the fires, 
started by the collapse of the more fiimsy buildings, 
destroyed a large part of Tokyo. Tokyo station 
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building, three and four stories high and some 
hundreds of feet long, constructed of red brick, was 
not damaged by either earthquake or fire. Re- 
inforced concrete buildings in Tokyo did not come off 
so-well as the better-class brick buildings. Much of 
the brick facing has come away and there are cracks 
in the concrete. They are, however, probably the 
afest buildings for the inhabitants, and office build- 
ngs of this class have continued in use without 
interruption. The behaviour of steel frame buildings 
vas peculiar; from a few feet above the ground 
the brickwork is cracked, and this continues for two 
or three stories. Above the third and up to the top 
(in some cases eight stories) no damage whatever 
is to be seen. The writer was nowhere able to find 
the slightest sign ‘of failure of the foundations of any 
building, whether wrecked or standing. : 

THE report for 1922 of the director of the Bernice 
Pauahi Bishop Museum at Honolulu has recently been 
issued. It gives a summary of the various activities 
cf the Museum officials in researches relating to the 
natural history of the Pacific Islands and the culture 
and folk-lore of the Hawaiians and other Polynesian 
people. A number of expeditions for systematic 
survey in anthropology, botany, and zoology have 
been undertaken in connexion with the Museum. 
The most important were the Whitney South Sea 
expedition, an expedition to Fanning Island, the 
exploration of Guam in the Ladrone Islands, and the 
Bayard Dominick expedition for the investigation 
of the origin, migration, and culture of the Oceanic 
people. Some interesting general conclusions have 
been reached by the members of the Dominick 
expedition with regard to the Polynesian population. 
There seem to be two basic elements. The first is 
Caucasian with physical characteristics approaching 
some Mongols, with tall stature, moderately long heads, 
relatively high narrow faces and noses, light brown 
skin, and straight or wavy black hair. The second 
element is the Indonesian typical of Celebes, with 
shorter stature, low broad faces, wavier hair and 
darker brown skin. A third element is found only 
in small numbers with very short heads, narrow 
faces, and light skin. The second type is characterised 
by a higher social and religious development than the 
first. The first type is universally distributed in the 
Pacific, but strongest in New Zealand and the Mar- 
quesas. The second type is prevalent in North and 
Central Polynesia. In the report Mr. J. F. Illing- 
worth notes that the Hawaiian house-fly is not the 
same as that of Europe and the United States, but 
is a variety found on the western shores of the 
Pacific. As it is known that these flies follow man, 
and there were house-flies in Hawaii when Captain 
Cook arrived, the inference is drawn that the original 
immigrants and the flies came to Hawaii from the west. 


\PPLICATIONS are invited by the secretaries of the 
Royal Society for the Armourers and Brasiers’ Com- 
pany research fellowship in metallurgy, tenable in 
the first instance for two years, with a possible exten- 
Sion to five years. The research undertaken by the 
Successful candidate must be connected with base 
metals and alloys, preferably those used in the ancient 
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crafts of the Company of Armourers and Brasiers. 
The annual value of the fellowship is 500/. Applica- 
tions must reach the secretaries of the Royal Society, 
Burlington House, W.1, by March 1 next. 


WE have received the annual report of Livingstone 
College, Leyton, for 1922-23, being the thirty-first 
year of its existence. The College gives courses of 
instruction with the object of teaching missionaries 
how to care for their own health, and how to deal 
with the diseases of the people among whom they are 
working, when far from qualified medical aid. 
Altogether 752 students have passed through the 
College. Donations and subscriptions are requested 
to help carry on this useful work. 


THE ninety-second annual meeting of the British 
Medical Association will be held on July 18-26, 1924, at 
Bradford, under the presidency of Mr. J. Basil Hall, 
consulting surgeon to the Royal Infirmary, Bradford. 
The presidential address will be delivered on July 22. 
The following presidents of sections have been 
appointed :—Medicine: Prof. A. J. Hall; Surgery : 
Sir Cuthbert Wallace ; Obstetrics and Gynecology : 
Mr. J. S. Fairbairn; Pathology and Bacteriology: 
Prof. C. H. Browning ; Neurology and Psychological 
Medicine: Dr. T. G. Stewart ; Ophthalmology: Dr. 
A. M. Ramsay; Public Medicine and Industrial 
Diseases: Mr. H. Jones; Diseases of Children: Dr. 
L. Findlay ; Laryngology and Otology: Dr. W. J. 
Horne; Orthopedics: Mr. R. C. Elmslie; Medical 
Sociology: Mr. A. Manknell; Dermatology: Dr. 
J. MacL. H. MacLeod. The honorary local general 
secretary is Dr. W. N. West Watson (Victor Lodge, 
Manningham, Bradford). 


THE Seismological Society of America has published 
a large Fault Map of the State of California (three 
sheets and a title-sheet) on the scale of I : 506,880, 
or close on one inch to eight miles. The topography 
is based on various official surveys, the hills being 
well brought out by a system of colour-shading. 
The sea-depths are shown by contours drawn at 
intervals of 100 fathoms. The known and probable 
faults, which mean so much in the moulding and 
instability of the continental edge, are marked by 
lines of various colours; these are broken where 
details are uncertain or inferred. A fault indicated 
as “active’”’ is usually one along which an earth- 
quake has occurred during historic time. The mind 
of the world has been once more riveted on the un- 
certainties of the Pacific ring, and this map, which 
must be mounted as one wall-sheet for its proper 
appreciation, will no doubt find a permanent place 
in colleges that respect geography. Prof. Bailey 
Willis has furnished a lucid description to accompany 
the sheets (Bull. Seism. Soc. America, vol. 13, No. 1, 
1923). 

A REpoRT by the Meteorological Department of 
the Government of India for 1922-23 has just been 
issued under the superintendence of Mr. J. H. Field, 
the officiating Director-General of Observatories. 
The policy of Indianisation has been adopted, and the 
personnel for the thirteen posts of meteorologists has 
changed from 10 Europeans and 3 Indians in 1919 to 
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3 Europeans and 1o Indians in March 1923. A study 
of upper air movements in India is said to be laying 
the foundation for types of forecasting not hitherto 
possible from surface observations. The whole 
system of warnings for storms and cyclones over the 
sea and on land throughout India is the duty of the 
headquarters staff, and all is now done from Simla. 
Considerable retrenchment has been made during 
the year, which has involved the partial stoppage 
of Bombay, Madras, and Calcutta Daily Weather 
Reports, the issue being suspended during the seasons 
of least rainfall. Shipping at sea is supplied with 
the latest information regarding the weather by 
wireless bulletins. Upper air research shows that at 
heights of 4 miles and upwards the cold weather winds 
of northern India often reach a strength of 100 miles 
per hour or more, while calms prevail at the surface. 
At Agra the westerly components of upper air, at a 
height of about 4 miles, prevailing from the middle 
of September to the middle of October, show a close 
relationship with the precipitation in north-west 
India in the winter following. Departmental observa- 
tories for the year consist of 5 first class, 185 third 
class, 23 fourth class, and 24 fifth class. Rainfall 
observations aie received from 2926 stations. 


Messrs. HAWKSLEY AND Sons, 83 Wigmore Street, 
W., have forwarded to us their catalogue of medico- 
diagnostic, physiological, anthropometrical, psycho- 
logical, and chemical apparatus. Several forms and 
sizes of capillary pipettes for the accurate measure- 
ment of quantities from o°005 c.c. to ¢.c. are 
listed, as well as several types of hemacytometers 
and hzemoglobinometers for the estimation of the 
number of corpuscles and amount of haemoglobin 
in blood. Under blood analysis apparatus we find 
outfits for the estimation of calcium, urea, and sugar 
in the blood. Galton’s finger-print outfit and whistle 


and many pieces of anthropometric and psycho- 
logical apparatus are catalogued. Messrs. Hawksley 
are also agents for the microscopes and accessorie 
of the Spencer Lens Co., New York. 


In the “ Fauna of British India ” Series the furthe: 
volumes which the editor, Sir Arthur E. Shipley 
with the assistance of Dr. Hugh Scott and with th. 
sanction of the Secretary of State for India, ha 
arranged for are: volumes on Butterflies (Lycenid« 
and Hesperiidz) by Mr. N. D. Riley ; on the Ixodid: 
and Argaside by Prof. G. H. F. Nuttall and Mr. C. 
Warburton ; on Leeches by Mr. W. A. Harding an: 
Prof. J. Percy Moore; on the Curculionide by Dr. 
G. A. K. Marshall; on the Carabide by Mr. H. F. 
Andrewes ; on the Meloide by Mr. K. G. Blair; 
on the Erotylide and Endomychide by Mr. G. |. 
Arrow; on the Culicide by Capt. P. J. Barraud, 
Major S. R. Christophers, and Mr. F. W. Edwards ; 
on the Chrysomelide (subfamilies Chrysomelinz an 
Halticine) by Mr. S. Maulik; on the Scolytide an 
Platypodide by Lt.-Col. Winn Sampson; together 
with a revised edition of Mammalia by Mr. Martin 
A. C. Hinton and Mr. R. I. Pocock, and of Birds 
(6 vols.) by Mr. E. C. Stuart Baker. 


THE latest catalogue (New Series, No. 10) of Messrs. 
Wheldon and Wesley, Ltd., 2 Arthur Street, W.C.2, 
should, we think, be very useful to librarians anil 
others, it being a classified list of some 840 serials aii! 
transactions of scientific societies on sale by them. 
The catalogue is conveniently arranged under tlic 
headings: British Isles—Transactions of societies ail 
other scientific periodicals; British Isles—Procee:!- 
ings of local societies; Dominions and Colonies - 
scientific serials. etc.; United States of America 
scientific serials, etc. ; and foreign countries—scienti!'c 
serials, etc. 


Our Astronomical Column. 


THE JANUARY SHOWER OF METEORS.—This display 
of meteors is of greater importance than is supposed. 
It sometimes furnishes a rather brilliant exhibition 
of a conspicuous character, being more brilliant than 
the average and traversing longer paths. The radiant 
point is situated at about 230° +53° in the region 
barren of bright stars lying on the borders of the 
constellations Boédtes, Draco, and Hercules. 

The shower has occasionally been so abundant as to 
furnish one or two ‘meteors per minute. In the 
evening hours, from the latitude of England, the 
radiant point is situated at a low altitude in the 
northern sky, and it is generally in the few hours 
preceding sunrise that the display attains its greatest 
strength. Unusually rich returns of these meteors 
were witnessed in the early evening hours of January 
3, 1918 and 1922, and we may expect another plentiful 
exhibition of its meteors on the morning of January 4 
next between about 4 and 6 a.m. The moon will 
not offer any obstruction on that date, as it will be 
26 days old and visible as a very narrow crescent only. 

Should the weather be clear on the morning of 
January 4, all the conditions are promising for a 
meteoric spectacle of very interesting character, and 
it will be important to observe it carefully through 
the night in order to determine the hourly number of 
meteors visible and the time when it reaches a 
maximum. 
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THE Axis oF Mars.—Popular Astronomy (Nov- 
ember) contains an interesting study by Prof. W. |!. 
Pickering of the position of the axis of Mars. li\e 
notes that the method used by Lowell of observiig 
the polar caps is subject to a systematic error. 1 /1c 
edge of the cap has a sensible diurnal shift : the white 
deposit melts on the noon side of the cap, and foris 
again on the opposite side. Accordingly a new det: r- 
mination was made, based on a large number of sm 
well-defined markings spread over the disc. | 
cidentally the conclusion was reached that a la 
number of the Martian spots have a sensible ann 
shift, easily explicable on the view that they °™ 
vegetation phenomena. This, however, can be eli 
inated from the discussion. Prof. Pickering’s fii 
value for the obliquity of the Martian equator to ‘ts 
orbit is 24° 14’, a degree greater than Lowell’s. |! 
gives for the co-ordinates of the point to which tle 
N. pole is directed— 


R.A. 58™ 68 + 1-568 (t—1918) 
N. Decl. =52° 12’ 50” +12°6” (¢—1918). 


The equinox of the planet is shifted back 7 
from 87-89° to 80-73°. This has the effect of incre«s 
ing the Martian date by 14 days. The metiiv 
employed seems to give this determination mv 
weight than any other that is based on markings 01 
the disc. 
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THE CAVE oF MacpELAH.—In the concluding issue 
for the year of Ancient Egypt, Sir Flinders Petrie 
discusses the probable position of the double cave 
below the Herodian monument which is described 
in the lately published ‘‘ Hebron, le Haram el Khalil,” 
by Pére Vincent and Captain Mackay. Owing to the 
fanaticism of the present Arab population, the 
authors of this work were not allowed access to the 
subterranean parts. Our knowledge of these is 
derived from an account, written in A.D. 1136, of an 
examination of them in A.D. 1119 by the monks. 
Sir Flinders Petrie’s conclusion is that the double 
save probably lies to the S.E. rather than to the 
N.E. of the basilica-like chamber to which the monks 
penetrated. A point of interest in connexion with 
the superstructure is that while the internal pro- 
portions indicate the Jewish foot as the unit, those 
of the exterior conform to the Roman foot, the design 
being based on the fact that the two units can be 
worked together on a ratio of 10: 11 in the length or 
: 12°5 in the breadth. 


Rock PAINTINGS IN Papua.—Dr. W. Mersh Strong 
has published in the December number of Man 
photographs and tracings of a number of rock paint- 
ings from the Central District of Papua. They were 
found on a prominent whitish rock, and were executed 
in a single monochrome red, apparently a preparation 
of iron oxide. The designs included a cassowary, a 
figure of a man, a scroll pattern, a double chev ron 
with pendent lines, possibly a tortoise, a man’s face, 
a crescent, anda hand. There is nothing to indicate 
their age except that they are covered with a slight 
film, probably of calcium carbonate derived from the 
tricking of water. The present natives have no 
knowledge as to who did them. Dr. Strong is of 
the opinion that the face design suggests the face 
motif of the Papuan Gulf, but points out that this 
culture has its centre some two or three hundred 
miles west of Port Moresby and scarcely comes 
within a hundred miles of that area. He also refers 
to the paintings of canoes and men in red monochrome 
seen by Seligman in the Marshall-Bennet Islands. 


THE CoppER Eskimo.—Two further instalments 
f the Report of the Canadian Arctic Expedition 
ro13— 1918 have just been issued; these are “ The 
Physical Characteristics of the ‘Copper Eskimo,”’ 
xy D. Jenness, and ‘‘ The Osteology of the Western 
ind Central Eskimo,” by John Cameron, being parts 
B and C of volume xii. © The measurements given 

, Mr. Jenness were, for the most part, taken at 
onion Gulf, where the expedition spent two 
years. Mr. Jenness concludes that there is strong 
upport for Boas’s view that Indian admixture in 
\laska has increased the stature and produced a 
narked tendency towards brachycephaly ; and that 
while the Copper Eskimo show more resemblance 

o the Eastern Eskimo than to the Alaskan, they 
liffer from most other Eskimo in that the head is 
slightly longer and broader, although the cephalic 
ndex is virtually the same as among the pure-blooded 
ribes to the eastward. It is interesting to note that 
\ir. Jenness finds no evidence to support Dr. Stefans- 
son’s theory of European admixture among the 
Copper Eskimo. Of the features principally relied 
ipon by Dr. Stefansson, Mr. Jenness holds that the 
proportion of face breadth to head breadth is illusory, 
and the blue or grey tinge of the eye is pathological 
in origin and common elsewhere. 


CAUSAL ORGANISM OF PoTATo BLACKLEG.—As the 
result of a study of twelve strains of the potato black- 
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leg parasite, including the four “ species ’’ originally 
described as the cause of the disease, H. M. Jennison 
concludes, in a paper published in the Annals of the 
Missouri Botanical Garden, vol. x. No. 1, February 
1923, that the blackleg disease of Irish potatoes in 
North America and Europe is caused by a Schizomy- 
cete which should bear the name Bacillus atrosepticus 
van Hall. The following names are to be considered 
only as synonyms: Bacillus phytophthorus Appel, 
B. solanisaprus Harrison, B. melanogenes Pethybridge 
and Murphy. The pathogen infects the stems and 
the tubers of the potato. Virulence of the parasite, 
as tested by artificial inoculation, appears to be 
dependent upon a rather delicate balance of tempera- 
ture and water relations, and upon the sugar content 
of the tissues inoculated. 


CyToLocy oF Mutation.—Prof. R. R. Gates has 
an important paper in the Annals of Botany, vol. 
xxxvii. No. 148, October 1923, under the title ‘‘ The 
Trisomic Mutations of Cé£nothera,’”’ in which he 
describes the occurrence in the F, generation of the 
cross (Enothera rubricalyx x GE. Hewettii of a mutant 
with fifteen chromosomes, and discusses in connexion 
therewith the whole question of the chromosome 
mechanism associated with such types of mutant. 
In Génothera, relatively few mutants are found with 
fourteen chromosomes; these may be accounted for 
in terms either of crossing over or of double ‘‘ non- 
disjunction.”’ ‘‘ Non-disjunction ’’ has been called in 
to explain the existence of the relatively frequent tri- 
somic mutations (with 15 or 16 chromosomes). It is 
assumed that on segregation two chromosomes of a 
pair, instead of separating to different gametes, 
both go into one cell; thus in a pollen tetrad two 
pollen grains will be found with eight chromosomes 
each instead of seven. When, as in the mutation 
now described by Prof. Gates, two precisely similar 
mutants appear in a small culture, it would seem 
probable that both such pollen grains have func- 
tioned, so that the male parent is responsible for 
the extra pair of chromosomes. Inevitably in dis- 
cussing such a problem the question arises as to what 
extent the seven pairs of chromosomes in C£nothera 
may be regarded as individually distinct. Prof. Gates 
discusses the question in a tentative manner, directing 
attention to recent statements by Hance (1918) and 
Van Overeem (1922), who conclude that these seven 
pairs are distinct and form a graded series. Prof. 
Gates is evidently of opinion that this conclusion 
is not yet sufficiently soundly based upon observation 
and experiment, but that the cytological complexities 
of the problem well deserve further exploration. 


DISTRIBUTION OF HERRING SHOALS.—The report of 
the Dove Marine Laboratory, Cullercoats, for 1922~2 
contains an interesting paper by Mr. B. Storrow on the 
distribution of herring shoals. Evidence is given in 
favour of the view that the failure of the industry in 
1921 was due, in part, to a migration of young North 
Sea herrings in the preceding winter. Late in 1920 
these fish divided into two sections, one of which 
migrated northwards towards the Orkneys and 
Shetland, and the other southwards. The northern 
group thereby passed into an area favourable to 
growth, and grew rapidly. The southern section 
grew much less rapidly. If this be so, the herring 
industry in any particular locality should depend upon 
whether the herring caught are migrants from a 
region of rapid or of slow growth, rather than upon 
the existence of a particular year class. The author is 
inclined to the view that migrations, which may in 
some cases depend upon the “ activity ’’ of Atlantic 
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water, prohibit the existence of different herring races 
in the North Sea. 


Evuca.Lyptus OILs as GERMICIDES.—Messrs. A. R. 
Penfold and R. Grant give an account of an investiga- 
tion of the germicidal values, determined as Rideal- 
Walker carbolic acid coefficients, of the principal 
commercial eucalyptus oils and of their active con- 
stituents (Journ. and Proc. Roy. Soc. of N.S. Wales, 
vol. lvii., 1923, p. 80). Standard suspensions of 
t per cent. of the crude oils and their pure constituents 
were made in 7} per cent. resin soap solution. Of 
the oils of ten species of Eucalyptus, that of E. radiata 
was the strongest and gave a coefficient of 10-12, 
the active principle being piperitol. Of active 
principles, australol, geraniol, citral, and piperitol 
gave coefficients of 22-5, 21, 19:5, and 13 respectively. 
The interesting observation is made that a lower 
coefficient is given by the dilution (with water) of a 
concentrated preparation than by a dilute prepara- 
tion of the same strength, probably because the 
dilution of a concentrated emulsion upsets the 
emulsion. 


DISCOLORATION ON DRIED SALTED FIsH. — 
The condition known as “ pink” is one to which 
dgied salted fish is liable, and is characterised by the 
appearance of pink patches on the surface. It is 
dealt with in Special Report No. 18 of the Food In- 
vestigation Board by Dr. P. C. Cloake. These pink 
patches are caused by the growth of chromogenic 
micro-organisms of at least two species—one a red 
sarcina, the other a curiously polymorphic form 
which may be a bacillus. These organisms may be 
cultivated on such media as salted fish agar, provided 
they contain a high percentage of salt, e.g. 15 per 
cent., at a temperature of 24° C. The source of 
these organisms has been traced to the salt used in 
curing when this is of marine origin; rock salt 
seems to be free from them. Sterilisation of the 
salt at 120° C. for 30 minutes suffices to destroy the 
organisms. 


A SuGGEsTED INDICATOR FOR PETROLEUM.—In 
the Journal of the Royal Society of Western Australia, 
vol. 9, p. 8 (1923), A. Farquharson describes an occur- 
rence of the hydrocarbon impsonite, infilling the 
vesicles of a basalt that underlies a limestone variously 
regarded as of Cambrian or Lower Carboniferous age. 
Specimens have been collected from various points in 
the Ord Valley near Kimberley, West Australia, and 
these were sent to the office of the Geological Survey 
in the first instance as possibly oil-bearing shales. 
The author points out that the occurrence is of 
sufficient magnitude to have a bearing on the search 
for petroleum in the district. We need not share his 
view (p. 17) that oil would be unlikely to occur if the 
rocks were of Cambrian age, since seepage from a 
distance is always possible, and the highly vesicular 
character of the basalt may have provided a favour- 
able storehouse on the way. As E. H. Cunningham 
Craig remarks, migrating petroleum will make its 
appearance in “‘ the most porous rock available.”’ 


CLIMATIC CHANGES AND WEATHER NorMALS.— 
The U.S. Monthly Weather Review for August contains 
an article by Prof. C. F. Marvin, Chief of the U.S. 
Weather Bureau, on the above subject. The dis- 
cussion is introduced by a question, ‘‘ Is the climate 
changing ?”’ and justifies the answer of ‘‘ Yes”’ or 
“No” to this inquiry. Geological records are said 
to leave no question as to the great changes the vast 
lapse of time has occasioned in the past, while there 
is said to be no conclusive evidence of notable 
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permanent changes during thousands of years of 
human history. The author believes that long-time 
fluctuations of climatic conditions have occurred, 
and that minor surgings of the seasons to and fro 
take place for such periods as 50 to I00 years. 
Reference is made to the somewhat general deep- 
seated conviction that, to many, weather conditions 
at the present time differ from corresponding con- 
ditions within their memory. The prime object oi 
the discussion is to establish a method of completing 
a broken record of observations, say of temperature 
or rainfall, so as to lengthen out to the utmost a 
series of observations and thus to secure long-period 
normals of observations to aid in obtaining proof of 
secular changes if such are obtainable. A method 
is suggested for completing the individual values 
for missing years which is practically a system of 
drawing lots from the values of all the years for 
which observations exist, and so on for all the years 
for which means are required. This system scarcely 
seems likely to commend itself to all workers. Con- 
siderable importance is attached by the author to thx 
use of accumulated sums of departures from a norma] 
base and exhibiting the same as a graph. 


PHOTOELECTRIC CELLS FOR MEASUREMENTS OI 
TimE.—In the Comptes rendus of the Paris Academy 
of Sciences, November 5, 1923, Messrs. G. Ferrie, Kk 
Jouart, and K. Mesny describe methods employed to 
amplify the current from a photoelectric cell, so that 
the amplified current can be used to record the passage 
of a pendulum through a certain point of its path 
The anode of the photoelectric cell was joined to the 
grid of a special triode valve, and the filament of the 
valve to the positive of a battery, the negative o! 
which was connected to the deposit of alkali meta! 
in the cell; a constant high potential difference was 
applied between the anode plate and the filament o! 
the valve. When the cell was illuminated, the grid 
was charged negatively, and the current of the valve 
was diminished. In this way a variation of current, 
10,000 times as great as the original photoelectric 
current, can be obtained; and, by attaching to a 
pendulum a screen, provided with a slit, through 
which light from an electric lamp can pass, measure- 
ments of the time of vibration can be made with con- 
siderable accuracy. With a morecomplicated arrange 
ment of valves, an amplification of the order 10° was 
obtained and it was possible to determine the period 
of the pendulum within one-thousandth of a second. 
The authors hope to be able to adapt the method for 
recording the passage of stars across the central line 
of a meridian telescope. 


VeELocity DISTRIBUTION OF ELECTRONS FROM IN- 
CANDESCENT OxIDES.—The velocity distribution 0! 
the electrons ejected from incandescent substances 
has been investigated by the integral method, no! 
attempting to separate out the electrons moving @' 
or near a definite velocity, but deducing the distri- 
bution law from observations which included all the 
different velocities present; Richardson used also 
the differential method. All the observers have 
found that Maxwell’s probability law for the distribu- 
tion of the velocities is correct in the case only 0! 
clean metal surfaces. In the Zeitschrift fiir Physi 
November 15, 1923, Herr M. Rossiger describes exper'- 
ments, using the differential method, in which the 
electrons pass through a longitudinal slit, parallel t 
the axis of the cylindrical anode ; this is coaxial wit! 
a straight, incandescent platinum wire which forms 
the cathode and is coated with oxides of calcium 
barium, or strontium. There is an outer cylinder, 
coaxial with the first, and electrically connected wit! 


| 
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it; in this is a slit, parallel to that in the surface 
of the inner cylinder, while outside this slit, and in- 
sulated from the cylinder, is a collecting plate, which 
receives the electrons which pass through both slits. 
The inner cylinder can be rotated about its axis; so 
that the angle ¢ between the planes passing through 
either slit and the cathode wire can be varied, and 
measured by means of a reflecting mirror. A solenoid 
is wound round the cylindrical glass containing 
vessel, so that a magnetic field can be produced in the 
direction of the axis of the cylinders, deflecting 
electrons with a certain velocity which pass through 
the first slit, so that they pass through the second 
when ¢ has the correct value. Maxwell’s law is still 
found to hold. 


MAGNETIC SURVEY OF THE BALKANS.—Heft to, Bd. 
131, Abt. Ila, Math. Nat. Kl. of the Sitzungsberichte 
of the Vienna Akademie der Wissenschaften contains 
a paper by Mr. A. Schedler, which gives the results of 
a magnetic survey carried out during 1918 in the 
Balkans. Results are given for 27 stations, varying 
in latitude from 44° 49’ to 40° 55’ N., and in longitude 
from 18° 32’ to 21° 55’ E. Attached to the paper are 
six charts. The first and the last indicate the geo- 
graphical positions of the stations, and the geological 
features of a magnetically disturbed region. The 
four intermediate charts give curves of equal values 
of magnetic declination, inclination, horizontal force, 
and total force respectively for the epoch January I, 
1918. Through an oversight, the values of the force 
are printed as angles in the charts. For example, 
04444 C.G.S. is printed as 44° 44’. It is interesting to 
note that the dip observations were taken with an 
English dip circle, Dover No. 1. 


INVERTED FLIGHT IN AEROPLANES.—A paper of 
considerable interest to practical aviators, as well as 
to workers in the dynamics of aeroplane flight, was 
read recently before the Royal Aeronautical Society 
by Squadron Leader R. M. Hill. The paper is en- 
titled ‘‘ The Manceuvres of Inverted Flight,’’ and is 
based upon extensive experimental flights executed 
by Mr. Hilland others. The object of the experiments 
was threefold. The immediate aim was to examine 
the causes of fatal accidents that often occur in 
aerobatics on an unstable aeroplane, when the aero- 
plane assumes an inverted position and the pilot fails 
to right the machine. Subsidiary aims were to find 
the magnitudes of the loads in inverted flight, and to 
examine the behaviour in inverted flight of machines 
with different stability characteristics. An account 


) 


is given of the ways in which inverted flight can be | 


obtained, namely, by means of the half loop and the 
half roll, and details of the manceuvres are given for 
particular aeroplanes, such as the Sopwith ‘‘ Camel,” 
the ‘‘ Camel "’ modified so as to increase its longitudinal 
stability, the ‘‘ Snipe,’ the ‘“‘ Bat Bantam,’’ and the 
5.E.5A. The use of the controls in inverted flight and 
the return to normal flight are similarly discussed. 
Mr. Hill considers the belting arrangements to be of 
supreme importance, especially in unstable fighting 
machines ; pilots often fail to use the controls because 
they cannot reach them. Steady inverted flight is 
possible on all types of machines investigated; but 
whereas the longitudinally stable machine tends to 
right itself, the longitudinally unstable machine has 
no such self-righting properties: there is, however, no 
real difficulty in recovering from the inverted flight. 
rhe longitudinally unstable machine is also liable to 
get into an inverted spin, but here again the pilot can 
recover if he knows the use of the controls in such 
positions. Inverted loops were also investigated. 
Mr. Hill suggests that ‘‘ the best compromise between 
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safety and extreme manceuvrability is to be found in 
an aeroplane which, though preferably stable through- 
out the major part of its range of flying speeds with 
elevators free, must definitely be stable with them 
fixed.”’ 


SILICATE OF SODA FOR THE TREATMENT OF CONCRETE 
Roaps.—Silicate of soda is now being more and more 
used in Great Britain for the surface treatment of 
concrete, following on the extensive and very satis- 
factory experience recorded in America. In fact, 
new uses for silica of soda are being found almost 
every day, and this material looks like rivalling 
sulphuric acid, soap, or soda ash as a ready test, 
according to the amount consumed, for the civilisation 
of acommunity. The chemical reactions that result 
from the application of a dilute solution of silicate 
of soda to concrete, say the surface of a road, are 
very complicated, but seem to include the combination 
of the silicate with the free hydrated lime liberated in 
the setting of cement to give a lime silicate, which 
forms a hard compound. Atany rate, the nett result 
is the formation of an intensely hard outer skin—in 
which all the pores have been completely filled up— 
strongly resistant to abrasion and dusting, and 
largely waterproof. It is essential, however, that the 
silicate of soda be sprayed over the road in the form 
of a very dilute solution, say 1 of the liquid neutral 
silicate to 4 of water, whilst the silicate of soda must 
be prepared for the specific purpose, with a fairly 
high ratio of silicate to soda. As is well known, 
very many grades are supplied, from a low-ratio 
product containing 1-60 molecules silica to 1-00 
molecules soda (Na,O) to a very high-ratio grade with 
over 4:0 molecules silica. The right brand to use is 
a matter of experience and research on the part of 
the firms supplying the product, but the results, 
under proper conditions, are remarkable, and con- 
stitute a factor of national importance in the upkeep 
of roads. 


TEsts ON BOILER MATERIAL.—The annual memor- 
andum by Mr. C. E. Stromeyer, Chief Engineer to 
the Manchester Steam Users’ Association, covering 
the year 1922, contains several interesting matters. 
Tests have been made on the material of some old 
wrought-iron boilers, one of which was sixty-nine 
years old, and a comparison with the tests of the 
original material shows that wrought iron does not 
lose tenacity appreciably with age. The furnace 
plates show a reduction of ductility, but not of tenacity. 
Mr. Stromeyer again directs attention to the effect 
of nitrogen on mild steel, and urges that the effect 
of a high proportion of this element, such as is found 
in Bessemer steel, requires more thorough investiga- 
tion. A table of failures of mild-steel plates, bolts, 
stays, and rivets is given, 22 in number, and in 
every case the sum of 5N+P is greater than 0-08 
per cent., the upper limit previously fixed by the 
author. A case for inquiry has been made out, 
and it is to be desired that analyses for nitrogen 
should be made more frequently, until its alleged 
harmfulness has been confirmed or disproved. The 
tests on riveted joints in old boilers show that the 
strength of a double-riveted seam in a boiler is greater 
than that found when the seam is cut out and the 
joint tested in a machine, so that the engineering 
practice of crediting the joints with their full strength 
is justified. An interesting section on dished and 
flat-end plates of boilers deals with the behaviour 
of cracks, which in some cases do not spread, but 
relieve the stress, so that some boilers mentioned 
worked for years in a cracked condition. This is 
traced to a very finely laminated structure in the 
outer layers of the plates. 
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T was in 1873 that the Société Frangaise de 
Physique came into being, and the first volume 
of the Proceedings of the Society contains a report 
by Lissajous on the preliminary steps that were 
taken. The statutes include one by which any 
discussion ‘‘ étrangére a la physique ’”’ is prohibited. 
Whether the French physicist of fifty years ago was 
a keen politician we do not know, but it seems to 
have been desirable to provide against extraneous 
matters more rigorously than is our wont in Great 
Britain. 

A glance at the first list of members reveals a 
number of very well-known names, such as the 
Becquerels, Berthelot, Bouty, Cornu, Jamin, Joubert, 
Koenig, Lippmann, Lissajous, Mascart, Sainte-Claire 
Deville, and Violle. The first president was Fizeau, 
and the following eight successive presidents were 
Bertin, Jamin, Quet, E. Becquerel, Blavier, Berthelot, 
Mascart, and Cornu. The first honorary member 
was the elder Becquerel. In .1876 there were five 
honorary members, including Regnault and Sir 
William Thomson ; and in 1878 the names of Fizeau 
and Joule were added. 

In the early part of this month, the founding of 
the Society was celebrated by a number of meetings. 
Apart from these there has been the Exhibition, which 
has hitherto been held by the Society at Easter, but has 
this year been combined with a Wireless Exhibition. 
It has been on an unusually large scale, as may be 
realised when it is said that the Grand Palais in the 
Champs Elysées, in which the annual Automobile 
Show is held, was used for the purpose. The Exhibi- 
tion was excellent from many points of view, and was 
characterised by many demonstrations, more or less 
popular, which were very attractive. 

The anniversary lectures were given at the Sorbonne, 
the first on Saturday, December 8, by Col. Robert, on 
the relations of physical and technical aeronautics. 

On Monday morning, December Ifo, an attraction of 
another kind presented itself in the general meeting 
of the International Union of Physics. The chair 
was taken by M. Brillouin with Prof. H. Abraham as 
general secretary. The business was largely formal, 
the main item being the adoption of the statutes. 
After some discussion as to whether the value of the 
franc for the contributing countries should be taken 
in the French or Swiss currency, the former was 
adopted, notwithstanding the reduction in the 
contributions by so doing. The date of the next 
meeting of the Union was fixed for the year 1925, 
the normal three years’ interval being reduced, and 
the question of an international congress will then be 
decided. A somewhat pious resolution was adopted 
on the desirability of authors supplying abstracts to 
their papers, such abstracts being left in the hands 
of the editor of the journal concerned for final revision. 
The meeting was followed by a luncheon. 

On Monday evening a lecture was given by Prof. 
H. A. Lorentz on the old and new mechanics. The 
motion resulting from the impact of two balls was 
considered, and generalised equations were obtained 
which were applicable to two observers in relative 
motion. This was followed by the gravitational 
deflexion of light, and a discussion of the quantum 
theory and kindred subjects. The address was a 
model of lucidity, and at its conclusion Prof. Lorentz 
received quite an ovation from a crowded audience. 

On Tuesday, December 11, Lord Rayleigh gave an 
interesting account of his investigations on iridescent 
colours in Nature. He dealt successively with the 
colours observed in light reflected from potassium 
chlorate crystals, mother-of-pearl, Labrador felspar, 
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and scarabee. This work was described recently in 
a series of papers read before the Royal Society. 

At the conclusion of the lecture Prof. Volterra 
presented, on the behalf of the Accademia dei Lincei 
two volumes of the collected works of Volta. Othe: 
volumes are in preparation. 

Wednesday, December 12, was marked by a banquet 
at which the delegates were royally entertained 
The chair was occupied by the Under Secretary o! 
State for Public Instruction. M. Picard (presiden: 
of the Société Francaise de Physique) welcomed th: 
foreign delegates, and responses were made by Prof 
Volterra, Prof. Lorentz, Lord Rayleigh, Prof. Stérmer 
and Prof. Knudsen. 

The culminating point in the celebrations came o1 
Thursday afternoon, when the chair was taken b\ 
the President of the Republic in the large amphi 
theatre of the Sorbonne. There were also preseni 
the Ministers of Commerce, of Public Instruction, an: 
of Public Works. After speeches by M. Picard ani 
M. Brylinski (president of the French Electrotechnica 
Committee), Prof. Lorentz presented the addresse: 
which had been brought by the delegates. Thes: 
were numerous, and, in the alphabetical order of th: 
countries from which they came, were from. th: 
following societies: L’Académie Royale de Belgique, 
La Société Scientifique de Bruxelles, L’ Académic 
Royale de Danemark, L’ Institut d’Egypte, L’ Académi: 
des Sciences de Madrid, Bureau of Standards, Carnegi: 
Institution of Washington, L’Académie des Sciences 
de Finland, Royal Society, Royal Institution, Physica! 
Society of London, Réntgen Society, Accademia dei 
Lincei, Accademia di Torino, La Section de Physiqui 
du Conseil National de Recherches du Japon, Le 
Ministére de !’Instruction Publique du Grand Duch 
de Luxembourg, La Société de Physique de Chris- 
tiania, L’Académie Royale des Sciences d’Amsterdam 
La Société Hollandaise des Sciences de Haarlem, 
L’Académie de Cracovie, La Société Polonaise dc 
Physique, La Société Suisse de Physique, La Société de 
Physique et d’ Histoire Naturelle de Genéve, La Sociét«: 
Zurichoise de Physique et l’Ecole Polytechnique féd: 
rale de l’Université de Zurich, L’Union des Mathéma- 
ticiens et des Physiciens tchecoslovaques 4 Prague. 

After this part of the ceremony came a speech b\ 
M. Bérard (Minister of Public Instruction), followe:! 
by remarks by the President of the Republic. The 
latter with his ministers then withdrew, and we 
settled down to a discourse by Prof. C. Fabry on th 
domain of radiations. The programme was inter 
spersed throughout by a selection of music rendere | 
by the celebrated band of the Garde Républicaine. 

The magnificent amphitheatre of the Sorbonne, i 
which these proceedings were held, seats about 3000 
people, and gave rise to some reflections, possibly nv t 
only on the part of the present writer. Where is suc! 
a theatre to be found among our educational institu- 
tions in London ? Unfortunately, nowhere; and ‘{ 
we had such a theatre, would an audience of, say, 
2500 people come on such an occasion, and listen 1» 
an address (unillustrated) on the difficulties expe: 
enced in exploring the field of radiation, from the 
longest waves, as used in wireless telegraphy, to the 
shortest, as shown by X-rays? We doubt it, eve. 
if the Prince of Wales were present. The value of 
science is obviously recognised more fully in Paris 
than in London. 

Lectures by Prof. Stérmer on the aurora borealis 
on Friday, December 14, and by Prof. Knudsen ou 
the mechanism of evaporation and condensation, on 
Saturday, brought to a close these very interestinz 
and very successful celebrations, 
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Virus Diseases of Plants. 


AX interesting discussion upon ‘ Virus Diseases 
of Plants’ was: held during the meeting of 
the British Association at Liverpool between the 
Sections of Botany and Agriculture. These obscure 
maladies, which are of great economic importance, 
affect a great variety of cultivated plants and have 
jately received much attention from plant patho- 
logists. Formerly these diseases were attributed to 
zeneral physiological degradation, notably in the 


potato, but since they have been shown to be markedly | 


infectious, they are usually considered to be caused 
by organisms of ultramicroscopic size, which are dis- 
eminated largely by means of insects. 

The discussion was opened by Dr. Paul Murphy, 
who first described the symptoms of these diseases 
n general and compared them briefly with certain 
liseases of animals of somewhat similar type. He 
hen dealt specifically with the “ leaf-roll’”’ and 
‘mosaic’’ diseases of potatoes, both of which cause 
enormous losses in yield. In discussing “‘ leaf-roll ”’ 
f potatoes, Dr. Murphy maintained that the abnormal 
ccumulation of starch in the leaves, which led to 
olling, preceded the degeneration of the phloem, 
which is also a marked symptom of this disease. In 
iotato ‘‘ mosaic,’ characterised first by a mottling 
f the foliage and later by marked degradation of 
he whole plant, he stated that this disease sometimes 
masked other ‘“‘ virus’ diseases of the potato such 
as ‘‘ stipple-streak’’ and “crinkle.’”” He had also 
demonstrated that certain varieties might act as 
“ carriers’ of this disease, in which the symptoms 
remained dormant, although infection could still 
be spread from these plants. As instancing the 
rapidity with which degeneration caused by such 
diseases might occur, Dr. Murphy said that on a 
farm at Ottawa potatoes had been grown healthily 
for seventeen years, but that, after this period, 
marked degeneration set in during the course of a 
single season, which had affected all potatoes sub- 
sequently grown on that farm. He considered, how- 
ever, that there still remained a certain reduction in 
yield attributable to non-pathogenic causes when 
the same healthy stock was grown in different but 
apparently suitable localities. 

Prof. H. M. Quanjer, of Wageningen, Holland, who 
has made a special study of these diseases in the 
potato, then gave an account of his own researches 
on these maladies. In regard to “‘leaf-roll”’ he 
combated the view of Dr. Murphy that the seat 
of the disturbance lay in the abnormal accumulation 
of starch in the leaves, maintaining that the primary 
‘fect of disease was the necrosis of the phloem con- 
sequent upon the entry of the “virus” through 
nsect agency. He pointed out that infection by 
aphides during May and June first resulted in rolling 
of the upper leaves during August. Prof. Quanjer 
claimed that the real seat of these “‘ virus ”’ diseases 
was the phloem, and suggested therefore that they 
should be called ‘‘ phloem diseases’’ rather than 
“ virus’ diseases, although he admitted there was 


no visible degeneration of the phloem in ‘ mosaic ’”’ 
diseases. In this connexion also it must be conceded 
that there are other diseases of phloem tissues which 
do not fall into the category of “ virus’’ diseases. 
Prof. Quanjer emphasised the rdle played by insects, 
especially aphides, in the dissemination of these 
diseases, but pointed out that in some “ mosaic ”’ 
diseases transmission was possible through mechanical 
abrasion of the leaf hairs. 

Dr. W. B. Brierley exhibited lantern slides which 
showed in a striking manner, by reference to American 
statistics, the losses caused by these diseases in crop 
plants. With regard to sugar-cane ‘ mosaic,’’ he 
stated that varieties resistant to the disease had 
recently been discovered which would probably 
prove the salvation of the cane industry in certain 
districts. 

Mr. T. Whitehead classified ‘“‘ virus ”’ plant diseases 
into four categories, of which the following are 
examples : 

(1) Infectious chlorosis, which is transmissible only 
by grafting. 

(2) Spike disease of the sandal-wood tree, in which 
there is neither abnormal starch accumulation nor 
phloem necrosis. 

(3) Leaf-roll of potatoes, in which abnormal starch 
accumulation accompanies phloem necrosis. This 
disease is transmissible by insects, but not by ex- 
pressed sap alone. 

(4) Potato mosaic, in which there is neither 
accumulation of starch nor phloem necrosis, although 
the sugar content may be unusually high. 

This disease is transmissible by the sap alone, 
without insect agency. Mr. Whitehead appealed 
for more accurate methods in diagnosing this group 
of diseases, and gave striking evidence for the trans- 
mission of potato “ leaf-roll’’ through the soil. He 
suggested that these diseases could be best controlled 
by raising resistant varieties and by establishing 
special beds of potatoes for seed purposes, which 
could be rogued effectively and lifted early. 

Mr. Holmes Smith expressed the view that leaf- 
roll was by far the most serious of the .“ virus” 
diseases of the potato in this country. Unfortunately 
manurial treatment had no effect upon it, although 
this was somewhat beneficial in potato mosaic. 

Dr. R. N. Salaman pointed out that although this 
year he had taken the trouble to spray his seedling 
potatoes, planted in old garden soil, with nicotine 
at frequent intervals in order to control aphides, 
infection by mosaic and leaf-roll had been more 
serious than ever before, although seedlings planted 
in remote plots in other crops had remained healthy. 
Solanum nigrum appeared to be of no importance 
as a “‘carrier’’ of these diseases. Dr. Salaman 
expressed the view that “virus” diseases of the 
potato were probably not congenital, and that 
susceptibility to leaf-roll was transmitted independ- 
ently of susceptibility to mosaic disease. 

F. T. Brooks. 


\ [® O. H. T. RISHBETH read a paper on this 
A subject to Section E (Geography) of the 
British Association at Liverpool. Railway systems 
tvpify the humanised as opposed to the purely 
physical environment, and in so far as they reflect the 
higher social and political mentality of the people, 
contribute most useful data for the human geo- 
erapher. In Europe the system of national states, 
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Australian Railway Development 


a Study in Political Geography. 


with their semi-geographical basis, was evolved before 
the railway era. The railway systems superimposed 
on a well-defined national background share the 
intense individualisation of the continent. Europeans 
brought to Australia this tradition of individualism 
and exclusiveness. 

Mr. Rishbeth maintained that Australia is a clear- 
cut geographical unity and that its interstate bound- 
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aries are mathematical and artificial: with one or 
two exceptions they have no geographical meaning. 
The early settlements around the island-continent 
were separated by long stretches of inhospitable coast 
and still more difficult interior. From these various 
centres the human settlement developed on old-world 
lines. This is expressed in the various state railway 
systems, each planned without reference to those of 
adjoining states. 

The geographical and economic unity of the island 
was overlooked until a much later date, but the 
commonwealth feeling or spirit is now making rapid 
headway and is reflected in the new and newly 
planned railway lines. These lines are projected to 
bind together and not to separate the various states. 
All major Australian railway schemes are essentially 
commonwealth propositions in that they involve the 
interests of more than one state. A sketch map was 
shown to indicate the economic areas, independent of 
political divisions, which may be regarded as the 
hinterlands of different stretches of sea coast. On 
this map it is possible to forecast, with tolerable 
certainty, the main outlines of the completed 
Australian railway system. Briefly, this entails an 
outer ring of which the elements already exist; an 
inner circle; fragments of a radial system cutting 
across both circles and joining hinterlands with their 
appropriate ports ; certain overland lines from north 
to south and east to west. These systems when fully 
built will unify the continent and overrule the 
artificiality of the original states. 


Structure of Greenland. 


WE have recently received, though the work is 

dated 1920, volume 53 of the ‘‘ Neue Denk- 
schriften der Schweizerischen Naturforschenden 
Gesellschaft,’’! containing an account of the Swiss 
trans-Greenland Expedition of 1912-13. Between 
southern Greenland at about lat. 64°, where the country 
was crossed by Nansen in 1888, and Peary’s routes of 
1892-95 through 80° N., the interior of Greenland 
remained unknown for an interval of more than 1000 
miles. In order to determine the structure along 
ore line through this gap a Swiss expedition under 
Prof. de Quervain in 1912 traversed Greenland from 
the western coast in lat. 69° 46’ opposite Disko to 
the eastern coast in lat. 66°. The journey on the 
inland ice was begun on June 20. The summit of 
the ice-cap was crossed on July 8, and its eastern 
margin was reached on July 21. The party, with 
dog-drawn sledges, averaged 22 kilometres a day. 
Meanwhile the western party under Prof. Mercanton 
investigated the open country on the western edge of 
the ice-cap to the east of Disko Island. 

The new traverse of Greenland confirms the general 
accuracy of Nansen’s profile, though, as he crossed 
the country where the ice-cap is narrower but rises 
to a greater height, his gradients were steeper than 
those found by the Swiss party. Doubt is thrown as 
to the distance inland reached by von Nordenskjéld 
in 1883. The expedition, however, supports his view 
that cryoconite consists in part of meteoritic material. 
Nordenskjéld’s conclusion has generally been rejected 
and the material explained as dust blown on to the 
ice from the nearest rocks. Part of the cryoconite 
collected by the Swiss expedition is regarded as 
derived from local diorite, but it contains spherules 
of magnetite which Prof. Mercanton regards as 
possibly of extra-terrestrial origin. In this view he 
supports the conclusions of Wulfing and of Swinne 


1 “Neue Denkschriften der Schweizerischen Naturforschenden Gesell- 
schatt’’ (Nouveaux Mémoires de la Société Helvétique des Sciences 
Naturelles) Band 53. Pp. xx +402+54. (Basel, Genf und Lyon: Georg 
und Co., 1920.) 
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(1919). In the absence, however, of proved nickel, 
the meteoritic origin of the magnetite may still be 
regarded as open to doubt. 

The western party made careful measurements o| 
the ice movements, and found it to vary from less 
than a centimetre a day on the ice front to 2} metres 
It is shown that the bare land in west-central Green- 
land was once covered by the ice-sheet, and Prof 
Mercanton supports the view that, with the exception 
of some of the high southern mountains, the whole o/ 
Greenland was once buried under an ice-cap. His 
account and photographs show the powerful disrup- 
tive effect of frost on bare rocks in the neighbourhood 
of ice. The larger part of the volume is occupied by 
the meteorological observations and results, includins 
the records of some pilot-balloons. 

The last chapter describes the collection of Eskimo 
skulls, and its author, Dr. Hoessly, rejects the view 
that the Eskimo reached Greenland from Europe 
across the Faroes and Iceland; he regards the 
Eskimo as the most primitive section of the Mon- 
golian race. The volume is well illustrated by four 
plates of maps and sections, nine plates, and numerous 
figures in the text. 


Building Materials made of Waste 
Materials." 
By Prof. A. P. Laurie. 


W E have in Great Britain large accumulations of 
blast furnace slag, of cinders, and clinker, and 
in the neighbourhood of Edinburgh of burnt shale, 
the residue from the stills of the oil industry. There 
are three ways in which these materials can be 
utilised—for the production of bricks, for the pro- 
duction of cement, and as aggregate mixed with 
Portland cement or plaster of Paris. The general 
method adopted for the production of bricks is known 
as the sand lime process. Briefly, this process con- 
sists of mixing the aggregate with a certain proportion 
of lime and water, squeezing it into a brick under a 
pressure of some two hundred tons to the area of the 
brick and then steaming under high pressure or in 
open steaming chambers. Bricks are now being 
manufactured by this process from sand, blast furnace 
slag, granulated by being run while hot into water, 
clinker, town refuse, slate dust, and burnt shale. 

Cement is being manufactured by two of the Scottish 
steel companies from blast furnace slag granulate, 
mixed with lime, and then raised to a high tempera- 
ture so as to form a clinker in the same way 4s 
ordinary Portland cement was manufactured. This 
cement, known in Germany as iron cement, can be 
sold in this condition, or can be finally ground with 
a mixture of a certain proportion of raw blast furnace 
slag. 

The uses of these materials as an aggregate opens 
the question of how far it is possible to reduce tlie 
content of Portland cement and, at the same time, 
get sufficient strength for building purposes. hie 
objection to the usual building slab made of cement 
is that, in order to be able to remove it from the 
machine as soon as made, the content of water has 
to be kept low and, consequently, the crushing 
strength of the finished slab is also low. Two in- 
teresting methods of getting over this difficulty are 
the Crozite method, in which the cement bricks were 
sliced off from the bottom of a column of cement and 
aggregate, and the method used by the Triangular 
Construction Company, in which a heavy compression 
is put upon the bottom and top of the siab at the 

1 Substance of a lecture delivered at the Royal Academy of Arts, 
London, on Wednesday, November 21. 
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moment of completion. It has been possible in the 
case of the slabs made by the Triangular Construction 
Company to reduce the amount of cement to one to 
twelve of aggregate, and the manufacture of cement 
bricks by the Crozite process is being carried on in 
a large scale in America. 

Many waste products such as sawdust, disintegrated 
wood, and ordinary cheap aggregates such as clinker 
can be utilised in slabs made from plaster of Paris. 
There are large and easily available deposits of gypsum 
in Great Britain, but the industry has never been 
developed on the enormous scale found in America, 
where all kinds of materials required by the builder 
have been turned out made from plaster of Paris as 
the cement. 


University and Educational Intelligence. 

THE University Bulletin issued by the Association 
of University Teachers has hitherto been confined 
mainly to a record of the activities of the Association, 
which have been concerned largely with questions 
cf remuneration and other conditions of tenure of 
university posts. In the November issue an effort 
is made to widen its circle of readers. Lord Gorell 
contributes an article dealing with three subjects : 
(1) expected developments of the functions of the 
Teachers’ Registration Council with the view of the 
establishment of teaching as one of the unified 
learned professions ; (2) the financial needs of uni- 
versities ; and (3) the projected Imperial Education 
Bureau. Prof. Arthur Thomson’s thoughtful and 
arresting essay on the essentials of education deserves 
a wider circulation thar. the Bulletin can hope to 
giveit. Here is a biologist dealing with the ignorance 
of young Scotland as faithfully as Prof. Burnet in 
his Romanes lecture dealt with the same subject 
from the point of view of the humanist. Over the 
familiar initials M. E. S. appears a plea for large 
capital grants to universities as recommended by the 
Royal Commission of 1870 on Scientific Instruction 
and the Advancement of Science. Prof. Sandbach 
tells of a committee having been appointed by the 
A.U.T. to consider and report on the subject of 
co-operation between libraries, possibly on the lines 
of the German central information bureau and general 
card catalogue, for the benefit of research workers 
in Great Britain and Ireland. There is also a con- 
tribution from Melbourne on the perils of inbreeding 
and localism in universities in the Overseas Dominions. 


THE North of Scotland and the Edinburgh and 
East of Scotland Colleges of Agriculture append to 
their calendars for 1923-24 lists of appointments 
gained by their students. They illustrate the Scottish 
propensity, referred to in Mr. Rudyard Kipling’s recent 
rectorial address, for “‘ raiding the world in all depart- 
ments of life—and government.’’ The lists include 
posts in England (53), Canada, the United States, 
South America, the West Indies, Australia, New 
Zealand, South, West, East, and Central Africa, the 
Sudan, Egypt, Cyprus, Hungary, India, Burma, 
Ceylon, Straits Settlements, Malay States, Java, 
Sumatra, Borneo, Fiji, and Hawaii: only 60 out of 
the 280 were in Scotland. The director of studies of 
the North of Scotland College reports that in 1922-23 
a record number of students (27) obtained the degree 
in agriculture. Both colleges do a large amount of 
“county extension ’’ work in addition to the instruc- 
tion and research carried on at their headquarters 
and at college and experimental stations. The 
northern college report records 67,096 attendances 
and 2929 classes and lecture meetings and 11,840 
visits to farms and crofts for instruction and advice. 
A scheme of rural science to be taught in conjunction 
with school gardening was introduced into several 
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schools and proved efficacious “‘ in creating an interest 
in school gardening which is lacking at present.”’ 


RuHODEs Scholars in residence at Oxford in 1922-23 
numbered 273, namely, 125 from the British Empire 
and 148 from the United States. Of these, 57 were 
taking natural science and medicine, 10 economics, 
and 6 mathematics. Sixty-eight Rhodes scholars 
were successful in the final honour schools examina- 
tions, namely, first class 14 (United States 8, Canada 
2, Australia 2, New Zealand 1, South Africa 1) ; 
second class 31 (United States 16, others 15); third 
and fourth classes 23 (United States 11, others 12). 
The Ph.D. degree was awarded to 7 (all from the 
United States), the B.Sc. or B.Litt. to 17, and the 
B.C.L. to 18. Among other academic distinctions 
obtained by Rhodes scholars may be mentioned the 
Christopher Welch scholarship in biology and the 
James Hall Foundation essay prize, both won by 
Americans, the Francis Gotch memorial prize won by 
a scholar from New Brunswick, the David Syme 
research prize (Melbourne) won by a scholar from 
Victoria, the Bourse des (CEéuvres frangaises a 
l’étranger (tenable for one year in a university in 
France) awarded to a New South Wales scholar, two 
demonstratorships and a tutorial fellowship at 
Oxford awarded to two Australians and a South 
African, and a Rockefeller Medical research fellow- 
ship, tenable in the United States, to which an 
Australian scholar was elected. In athletics dis- 
tinctions were won by 11 scholars from the United 
States, 10 from Australasia, 6 from Canada, and 4 
from South Africa. 


A NOTABLE citizen of Bolton, Lancashire, Mr. J. P. 
Thomasson, made known to the School Board of the 
Borough in 1876 his intention to allot the sum of 
7501. annually for a period of ten years, in order to 
assist scholars from the elementary schools to proceed 
to higher schools before becoming pupil teachers. 
His purpose was to secure a body of teachers in 
elementary schools efficiently educated and properly 
trained for their duties. The School Board felt that 
the full benefit to be derived from the scholarships 
would not be realised if they were restricted to those 
entering upon the profession of teacher, and Mr. 
Thomasson consented to enlarge the scope of the 
scheme so as to encourage pupils from the elementary 
schools to continue their education at higher schools 
and to encourage suitable pupils to become teachers. 
The scheme provided fees, books, railway fares, 
and a grant towards maintenance. Mr. Thomasson 
died in 1904, and Mrs. Thomasson intimated her 
willingness to continue the benefaction for a further 
period. Meantime the School Board ceased to 
act and the Town Council became the Education 
Authority. The scheme was enlarged in its scope, 
and provision was made for scholarships for boys 
and girls between 16 and 17 years of age who 
had been in attendance at secondary schools in 
Bolton to continue their education in such schools, 
for leaving scholarships of the annual value of 150. 
tenable for three years at a university and for a post- 
graduate scholarship at a foreign university of the 
annual value of 200/. tenable for two years. The 
scheme has now come to an end. During the 46 
years of its existence under varying conditions there 
have been awarded 122 major exhibitions, 427 minor 
scholarships, 36 scholarships in respect of continued 
education at secondary schools, 18 university scholar- 
ships, and one post-graduate scholarship. The total 
sum received from Mr. and Mrs. Thomasson amounts 
to 26,438/., and the examination expenses, etc., to only 
1718/. during the whole period, testifying to the fact 
that the scheme has been most economically ad- 
ministered. 
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Societies and Academies. 
LONDON. 


Geological Society, December 5.—Prof. A. C. Seward, 
president ; and, afterwards, Dr. G. T. Prior, in the 
chair.—The following communications were read: 
C. W. Osman: The geology of the northern border 
of Dartmoor, between Whiddon Down and Butterdon 
Down. The Lower Carboniferous rocks may be 
divided into a Lower Aluminous and a Calcareous 
Series. The latter commences with grey shales above 
the Lower Aluminous series, without any physical 
feature, and contains a volcanic band, generally in a 
fragmentary condition, mixed with ash, slate, and 
other fragments, and impregnated with chert; but, 
at East Underdown, the rock is more solid, and is a 
quartzless keratophyre. The corresponding mixed 
igneous rocks of the north-western Dartmoor border, 
which have been variously described, are altered 
keratophyres. Above the volcanic band are two 
limestone-areas: one on the west, near Whiddon 
Down, and, separated by quartzose rocks, another 
limestone-area at Drewsteignton. Throughout the 
length of border considered, the top of the Cal- 
careous Series is formed of grey shales, with hard 
rock-bands which pass upwards into the Upper 
Aluminous Series. The granite south of the Carbon- 
iferous border-rocks shows three separate intrusions, 
all from the same magma, but showing sufficient 
differences to separate them.—D. J. Farquharson: 
The geology of southern Guernsey. With the possible 
exception of some dykes of doubtful Paleozoic age, 
the whole of Guernsey consists of pre-Cambrian rocks 
—gneisses and schists in the south; unfossiliferous 
shales and grits at Pleinmont; and a series of in- 
trusions in the north, which range from hornblende- 
gabbro through diorites and tonalites to granites with 
their accompanying dykes. These dykes not only 
pierce the last-named suite, but also the gneisses and 
grits of the south. 


Paris, 


Academy of Sciences, November 26.—M. Albin 
Haller in the chair.—E. L. Bouvier: Ovmiscodes 
gregatus, a moth the larve of which group together 
to build complex pouches. A description of the 
building habits of a new species of Ormiscodes found 
by M. Grisol in the neighbourhood of San Fernando 
d’Apure, Venezuela. The pouch is built in common, 
and may contain ro to 12 cocoons. The name 
Ormiscodes gregatus is proposed for the species.— 
G. Friedel: The black inclusions contained in Cape 
diamonds. These inclusions have been regarded as 
graphite, but without clear proof. E. Cohen has 
shown in a large diamond of 80 carats that the 
inclusion was a flattened crystal of oligist, and has 
concluded that many inclusions, if not all, are oligist. 
The author regards these conclusions as too sweeping, 
and shows that in the case of a diamond in the 
University Museum at Strasbourg the inclusion was 
certainly not oligist, but was very probably graphite. 
—M. Aimé Cotton was elected a member of the section 
of general physics in the place of the late J. Violle.— 
Harald Bohr: The approximation of nearly periodic 
functions by trigonometricalsummation.—Pierre Hum- 
bert: The confluences of Clausen’s series.—Léon 
Pomey: Linear integro-differential equations with 
several variables.—René Lagrange: Systems con- 
nected with linear differential equations.—Paul Son- 
nier: Thin rectangular plates with edges resting on 
a fixed surface.—Ernest Esclangon: Gliding flight 
without motive power.—C. E. Guye: The motion of 
the gas in the electromagnetic rotation of the electric 
discharge. In the case where the action of the posi- 
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tive ions is alone concerned in imparting a movement 
of rotation to the gas, the observed velocity V can be 
put in the form 
eH 3N 
V -N} 

where ¢ is the charge of the ion supposed equal to 
that of the electron, H the magnetic field producing 
the rotation, « and m the radius and mass of the 
molecule or positive ion, M the total number ot mole- 
cules, ionised or not, and N the number of positive 
ions contained in unit volume of the discharge. This 
expression allows the approximate deduction of N.— 
R. Mesny and P. David: Very short waves in wireless 
telegraphy. With very short wave-lengths it is pos- 
sible to utilise parabolic mirrors so as to direct the 
bundle of radiations. The short waves are produced 
by an arrangement of two symmetrical triodes : waves 
of wave-length of 1-6 metres can be produced, and 
telephonic communications have been produced with 
these at a distance of two kilometres without using 
mirrors.—Paul Woog: The resisiance to rupture, 
lateral compression and equilibrium, of monomolecular 
layers of various substances in thin films on water.— 
René Audubret: The influence of polarisation on 
photo-voltaic effects, The mechanism of the pheno- 
menon. The results of the experiments described can 
be expressed in terms of the Nernst theory by saying 
that light acts on the electrodes by modifying the 
solution tension of metals, with an intensity and 
sense connected with the state of polarisation of the 
plate—J. Pouget and D. Chouchak: The radio- 
activity of the mineral waters of Algeria.—A. Lassieur : 
An arrangement for electrolysis with graded potentials. 
The method of Sand and of A. Fischer is modified by 
replacing the potentiometer measurement by a milli- 
voltmeter and a high resistance.—Camille Matignon : 
A new reaction for the preparation of strontium. 
Strontia is heated in an iron tube with silicon and 
the strontium condensed in the cool part of the 
tube. —M. Faillebin: The hydrogenation of certain 
ketones in the presence of pure or impure platinum 
black.— A. Daucet: The action of xanthydrol on 
semicarbazide, the substituted semicarbazides, the 
semicarbazones and benzoylhydrazine. The mono- 
xanthylsemicarbazide is shown to possess the con- 
stitution NH,.NH.CO.NH.CH(C,H;),0, the hydra- 
zine radicle remaining free and capable of combining 
with aldehydes and ketones in the usual manner.— 
P. Gaubert: The optical properties of graphite and 
graphitic oxide. The index of refraction of graphite 
is between 1:93 and 2:07; the crystal is optically 
negative.—David Rotman-Roman: Contributions to 
the lithology of the Yemen; deep rocks and non- 
differentiated lode-bearing rocks.—Albert Michel- 
Lévy: Some eruptive rocks from the neighbourhood 
of Toulon (Var).—Léon Bertrand and Léonce Joleaud : 
The relations between the crystalline and sedimentary 
formations in the western part of Madagascar, between 
Betsiboka and Tsiribihina.—R. Dongier: Magnetic 
measurements carried out in Dauphiné, Savoie, and 
Bresse.—Beaulard de Lenaizan: The earthquake of 
November 19, 1923. This shock was recorded on the 
barograph at Montpellier at 3.40 A.m.—Lucien Daniel : 
New researches on the migration of inulin in grafts of 
Compositez.—A. Guilliermond : New observations on 
the evolution of the chondriome in the embryonic sac 
of the Liliacee.—P. Lecomte du Noiiy: Meaning of 
the maximum fall of surface tension of the blood 
serum.—L. Mercier and Raymond Poisson: Contribu- 
tion to the study of the atrophy of the wings and 
muscles of flight in the Forficulide.—Alain Caillas: 
The composition of propolis of bees. Propolis, or bee 
glue, contains 70 per cent. of resins and 30 per cent. 
of wax.—Louis Boutan: The two zones of external 
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epithelium of the mantle and their influence on the 
guality of the pearls in molluscs.—L. Fage and R. 
Legendre: The nuptial dances of some species of 
Nereis.—Boris Ephrussi: The action of a high tem- 
perature on the mitosis of segmentation of the eggs 
of the sea urchin.—Nicola Alberto Barbieri: Presence 
of the retina and absence of the optic nerves 
in anencephalic monsters.—R. Bazin: Certain co- 
incidences of malignant neoplasms and their delay in 
appearance.—E, Lesné, L. de Gennes, and Ch. O. 
Guillaumin : Study of phosphating in cases of rickets 
and its variations under the influence of ultraviolet 
rays.—E. Wollman and J. A. Graves: Alexic hemo- 
lysis and proteolysis. 


Town. 


Royal Society of South Africa, October 17.—Dr. A. 
Ogg, president, in the chair—K. H. Barnard: An 
example of adaptation in a South African isopod 
Crustacean. One of the most interesting inhabitants 
of the empty tubes of the reef-building polychaet 
worm, Sabellaria capensis, is an isopod Crustacean, 
allied to Eisothistos. This animal has evolved an 
elongate worm-like shape in strong contrast to the 
other members of the Isopoda. The “ tail-fan ” 
on the other hand is greatly enlarged, and when fully 
expanded fits the mouth of the worm-tube exactly.— 
S. H. Haughton and A. W. Rogers: The volcanic rocks 
south of Zuurberg. Im the divisions of Steytlerville, 
Uitenhage, and Alexandria, the rocks extend through 
an area about 100 miles in length from east to west 
along the northern boundary fault of the Cretaceous 
beds and are continued southwards round the western 
end of the Cretaceous area, following it again towards 
the east on its southern side for 23 miles. The folded 
belt of rocks belonging to the Cape system and lower 
part of the Karroo system forms an incomplete 
“frame ’’ defined by faults on the north, west, and 
partly on the south, within which there is a sunken 
area. This area consists of Cretaceous rocks lying 
unconformably upon an uneven surface of mars, 
sandstones, sandy tuffs, breccias, and basalts. This 
latter post-Ecca, pre-Cretaceous formation forms a 
syncline of post-Uitenhage date, and is unaffected by 
the intense folding and cleavage of the surrounding 
region. It can probably be correlated with part of 
the Stormberg series.—A. V. Duthie: Studies in the 
morphology of Selaginella pumila. Part III. The 
embryo. The megaspores of Selaginella pumila, 
which are shed towards the end of the year, lie 
dormant on the soil during the summer months and 
germinate after the early winter rains. Intra-sporal 
embryos can endure prolonged drying without losing 
their vitality. The embryo has a prominent foot 
with large haustorial cells which project into the 
non-septate storage cavity of the megaspore. The 
cotyiedons do not develop simultaneously, nor are 
they strictly opposite each other. The first dichotomy 
of the axis, which takes place at the level of the coty- 
ledons, gives rise to two branches, one of which grows 
erect; the other develops into a very short horizontal 
thizome with branches alternately right and left. 
The number of cones found on adult plants varied 
from 1 to 160. The sporophytes are greatly modified 
by conditions of environment. S. pumila possesses 
a number of characters which are very suggestive 
of the tree-like Lycopods of the Paleozoic. Its 
closest relative is the Australian species, S. Preissiana. 
—J. R. Sutton: On the genesis of diamond. The 
various known forms of diamond are attributable to 
growth only. Crystallisation was not necessarily at a 
high temperature, and may have been preceded by a 
condition of plasticity in the carbon. Diamond was 
deposited from a carbon solvent within cavities, 
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the contour of which determined its final form and 
habit, in a solid or solidifying matrix.—J. S. v. d. 
Lingen : On the action of some fluorescent antiseptics 
in the dark. (Preliminary note.) 


BRUSSELS. 


Royal Academy of Belgium, January 6.—M. Aug. 
Lameere in the chair.—El. and Em. Marchal: The 
‘““ Homothallism ”’ of some Ascomycetes. In cultures 
of single spores the following Ascomycetes produce 
normally fertile perithecia: Hypocopra fimicola, 
H. macrospora, Sordaria tetvaspora, Philocopra setosa, 
P. curvicolla, Sporormia intermedia, Choetomium 
elatum. Hence these species should be considered 
as “‘homothallic.’—V. Van Straelen and M. E. 
Denaeyer: The fossil eggs of the Upper Cretacean 
of Rognac in Provence. These fossils have been 
submitted to a paleontological and mineralogical 
study. It is not possible to determine with precision 
the origin of the eggs, but they present more analogies 
with birds’ eggs than with those of reptiles.— 
P. Bruylants and J. Gevaert: Contribution to the 
study of the reaction between organo-magnesium 
compounds and nitriles. Vinyl-acetic nitrile. Vinyl- 
acetonitrile with ethylmagnesium bromide gives 
dipropenyl, two isomers of crotonitrile, and two 
polymers of the latter—P. Bruylants: The action 
of organo-magnesium compounds on glutaric nitrile. 

February 3.—M. Ch. J. de la Vallée-Poussin in the 
chair.—Cléement Servais : A group of three tetrahedra. 
—C. de la Vallée-Poussin : The movement of a heavy 
homogeneous solid of revolution fixed by a point on 
its axis.—Th. de Donder: The physical interpretation 
of general relativity—Lucien Godeaux: Cyclic in- 
volutions of fourth order belonging to a surface of 
genus one. 

March 3.—M. Ch. J. de la Vallée-Poussin in the 
chair.—Th. de Donder: The physical interpretation 
of general relativity.—Marcel Winants: Intersecants 
and tangentials.— Victor Van Straelen: The systematic 
position of some decapod Crustacea of the Cretacean 
epoch. 

April 7.—M. Ch. J. de la Vallée-Poussin in the chair. 
—Th. de Donder : Remarks on the Einstein gravific.— 
P. Stroobant: (1) The National Astronomical Com- 
mittee. An account of the work carried out during 
the years 1921 and 1922. (2) National Committee 
of Geodesy and Geophysics. An account of the 
work done in 1921 and 1922.—Jean Morelle: The 
cytoplasmic constituents in the pancreas and their 
rdle in secretion.—Laure Willem: Researches on the 
aerial respiration of the Amphibia. 

May 8.—M. Léon Fredericq in the chair.—G. 
Cesaro: The equiorientation and similitude of the 
ellipse of inertia and Steiner’s ellipse in the triangle. 
The Steiner ellipsoids and ellipsoid of inertia of the 
tetrahedron.—P. Fourmarier: The presence of oolitic 
pebbles in the Tertiary gravels of Cokaifagne (Sart- 
lez-Spa).—H. Philippot: The comparison of time by 
wireless telegraphy in 1922. A detailed study of the 
results obtained over one year at the Observatories 
of Algiers, Edinburgh, Greenwich, and Uccle on the 
observations of the time signals sent daily from Paris 
by wireless telegraphy. 

June 2.—M. Ch. J. de la Vallée-Poussin in the chair. 
—P. Fourmarier: The supposed glacial phenomena 
of the Baraque Michel. The author concludes that 
it is improbable that the plateau of the Baraque 
Michel has been covered by a glacier.—Laure Willem : 
Aerial respiration in the Amphibia (2). 

July 7.—M. Ch. J. de la Vallée-Poussin in the chair. 
—Jean Massart: Researches on the lower organisms. 
(VIII.) Reflexes in Polyporus.—Cl. Servais: The 
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geometry of the triangle and the tetrahedron.— 
Francis Meunier: The electrolytic overvoltage of 
hydrogen. A short account of the present knowledge 
of the phenomena of overvoltage, with an experi- 
mental study of the overvoltage of hydrogen on 
platinum, lead, molybdenum, and tungsten. It has 
been found that the magnitude of the cathode surface 
is without influence, the overvoltage increasing as 
the concentration of the electrolyte diminishes. The 
fluorine ion, added in small proportions, reduces the 
overvoltage.—A. d’Hooghe: The mechanism of the 
reduction of oxide of zinc. 

August 4.—M. Ch. de la Vallée-Poussin in the 
chair.—Th. de Donder: The fundamental formula 
of the new gravific.—P. Fourmarier: The southern 
extension of the gap of Theux.—Fréd. Swarts: The 
catalytic hydrogenation of organic compounds con- 
taining fluorine. Meta-trifluorcresol treated with 
hydrogen in the presence of platinum black gives 
trifluormethyl - cyclo -hexanol, trifluormethyl - cyclo- 
hexane, and water. The velocity of the reaction 
was studied.—Edouard Herzen: A simple method 
of obtaining the stationary orbits of Bohr in the 
hydrogen spectrum.—L. Godeaux: The cyclic involu- 
tions of the fourth order belonging to a surface of 
genus one (2).—G. Lemaitre: A property of the 
Hamiltonians of a multiplier.—Laure Willem: Re- 
searches on the aerial respiration of the Amphibia (3). 


Official Publications Received. 


Memoirs of the Department of Agriculture in India. Chemical Series, 
Vol. 7, No. 3: A Preliminary Note on the Decomposition of Calcium 
Cyanamide in South Indian Soils. 
and C. V. Ramaswami Ayyar. Pp. 55-75. (Calcutta: Thacker, Spink 
and Co. ; London : W. Thacker and Co.) 12 annas; ls. 

Bulletin of the American Museum of Natural History. Vol. 48, Art. 
17: New Fossil Mammals from the Pliocene of Sze-Chuan, China. By 
W. D. Matthew and Walter Granger. Pp. 563-598. Vol. 48, Art. 18: The 
Problem of the Uintatherium Molars. By Horace Elmer Wood. Pp. 
599-604. (New York.) 

Department of Agriculture, Madras. Bulletin No. 84: A Soil Survey 
of the Periyar Tract. By Dr. Roland V. Norris, M. R. Ramaswami 
Sivan, and 8. Kasinatha Ayyar. Pp.6+10 maps. (Madras: Government 
Press.) 1.14 rupees. 

Meteorology in Mysore for 1922: Being the Results of Observations at 
Bangalore, Mysore, Hassan, and Chitaldrug. Thirtieth Annual Report, 
by C. Seshachar. Pp. iii+15. (Bangalore : Government Press.) 

Mysore Government : Meteorological Department. Report of Rainfall 
Registration in Mysore for 1922. By C. Seshachar. Pp. xvii+365. 
(Bangalore : Government Press.) 

Publications of the South African Institute for Medical Research. 
No. 16: On the Effects of Cold on the Vitality of certain Cysticerci and 
Echinococci in Meat kept under Commercial Conditions of Freezing in 
Johannesburg. By Dr. Annie Porter. Pp. 49. (Johannesbuarg.) 5s. 

The Indian Forest Records. Vol. 9, Part 9: Note on the Work of 
Extraction of Broad Gauge Sleepers from Nepal. By J. V. Collier. Pp. 
849-357 +15 plates. (Delhi: Government Central Press.) 1.11 rupees. 

Geological Survey, Canada. Index to Separate Reports 1906-1910 and 
Summary Reports 1905-1916. Compiled by F. J. Nicolas, Pp. 305. 
(Ottawa: F. A. Acland.) 

Canada. Department of Mines: Geological Survey. Summary Report, 
1922, Part B. Pp. 185B. Summary Report, 1922, Part C. Pp. 91C. 
(Ottawa: F. A. Acland.) 

Tide Levels and Datum Planes on the Pacific Coast of Canada; from 
Determinations by the Tidal and Current Survey up to the Year 1923. 
(Published by the Department of Marine and Fisheries.) Pp. 68. 
(Ottawa: F. A, Acland.) 

Transactions of the Astronomical Observatory of Yaie University. 
Vol. 3, Part 2: Trial of the Loomis Memorial Telescope for Stellar 
Photometry; with Determinations of the Light Curves of the RR Ceti 
(1h 27™) and of VV Orionis (55 28m), Pp. 51-80. (New Haven.) 

The South-Eastern Naturalist: Being the Twenty-eighth Volume of 
Transactions of the South-Eastern Union of Scientific Societies, including 
the Proceedings at the Twenty-eighth Annual Congress, held at Maidstone, 
1923. Edited by Edward A. Martin. Pp. lxxxii+94+8 plates. (London.) 
5s. net. 

International Geodetic and Geophysical Union (Union Géodésique et 
Géophysique Internationale): Section of Terrestrial Magnetism and 
Electricity. Bulletin No. 3: Transactions of Rome Meeting, May, 1922. 
Edited :by Louis A. Bauer. Pp. vii+181. (Baltimore, Md,: Johns 
Hopkins Press.) 3.50 dollars. 

- Journal of the Marine Biological Association of the United Kingdom. 
New Series, Vol. 18, No. 1, December. Pp. 318. (Plymouth.) 10s. net. 

Bulletin of the National Research Council. Vol. 6, Part 5, No. 36: 
Catalogue of Published Bibliographies in Geology, 1896-1920. Compiled 
by Edward B. Mathews. Pp. (Washington, D.C.: National 
Academy of Sci ) 2.50 dollars. 
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By Dr. Roland V. Norris, B. Viswanath,” 


Nineteenth Report, State Entomologist of Minnesota to the Governor 
By A. G. Ruggles. Pp. 151. (St. Paul, Minn. ; Agricultural Experiment 
Station, University Farm.) 

Annuaire pour l’an 1924, publié par le Bureau des Longitudes. Pp. 
viii+658+ A9+ B26+C17+D10+E26+F72. (Paris: Gauthier-Villars et 
Cie.) 6 francs. 


Diary of Societies. 


SATURDAY, DecemMBer 29. 


RoyaL InstiTuTION oF GREAT Britain, at 3.—Sir William Bragg: 
Concerning the Nature of Things: The Nature of Gases (Juvenile 
Lectures (2)). 


MONDAY, December 31. 


Roya. Society (at Holian Hall), at 3.30.—Mrs. Charles 
Hose: Boat Journeys in Sarawak (Lecture for Young People). 


TUESDAY, January 1. 


CONFERENCE OF EDUCATIONAL AssociaTIONs (at University College), at 
2.30.—Sir W. Henry Hadow: The Claims of Scholarship (Presidentia 
Address). 

Isstirurion oF GreaT Briratn, at 8.—Sir William Bragg: Con- 
cerning the Nature of Things: The Nature of Liquids (Juvenile 
Lectures (3)). 

Montessori Society (at University College), at 6.—Miss Barbara Low: 
The Value of Psycho-Analysis to the Educator. 


WEDNESDAY, January 2. 


Roya Society oF Arts, at 3.—Prof. W. A. Bone: Fire and Explosions 
(Dr. Mann Juvenile Lectures (1)). 

ScHoo.t Nature Stupy Union (at University College), at 3.—Sir Richard 
Gregory : The Sun and Stars. 

Paysicat Society oF LONDON AND Optica Society (Annual Exhibition, 
at the Imperial College of Science and Technology), 3 to 6 and 7 to 10. 
—At 4.—H. B. Grylls: The Heape and Grylls Rapid Cinema Machine.— 
At 8.—Sir Richard Paget, Bart. : The Nature and Artificial Reproduce. 
tion of Human Speech (Vowel Sounds). 

Royat Society or Mepicine (Surgery Section), at 5.30.—D. Fitywilliams: 
A Scientific Method of Removing Foreign Bodies.—A. G. ‘I. Fisher: 
The Pathology and Treatment of Internal Derangements of the 
Knee-joint. 

INSTITUTION OF ELECTRICAL ENGINEERS (Wireless Section), at 6.—R. H. 
Bartield: Some Experiments on the Screening of Radio Receiving 
Apparatus. 

Roya. Microscopicat Society (Biological Section), at 7.30.—B. K. las: 
The Habits of some Indian Fishes. 


THURSDAY, January 3. 


GEOGRAPHICAL AssociaTION (at Birkbeck College), at 9.30 a.m.—L. 
MacD. Robison : Ceylon.—At 11.30 a.m.—Sir Richard Gregory : British 
Climate in Historic Times (Presidential Address).—At 2.—Joint Con fer- 
ence with the Royal Meteorological Society and the Science Masters’ 
Association. Subjects for Discussion: The Place of Meteorological 
Observations in the School Course—The Teaching of Meteorology and 
Climatology in Schools.—At 5.30.—Prof. E. de Martonne: A Study of 
Transylvania. 

InstiTuTION OF Great Britain, at 3.—Sir William Bragg: Con- 
cerning the Nature of Things: The Nature of Crystals—the Diamond 
(Juvenile Lectures (4)). 

Puystcat Society or Lonpon Opticat Socrety (Annual Exhibit 
at Imperial College of Science and Technology), 3 to 6 and 7 to 10.—ax 
4.—Sir Richard Paget, Bart: The Nature and Artificial Reproduction 
of Human Speech (Vowel Sounds).—At 8.—H. B. Grylls: The Heape 
and Grylls Rapid Cinema Machine. 

INCORPORATED BRITISH ASSOCIATION FOR PHYSICAL TRAINING (at 
University College), at 5.30.—Major H. J. Selby: The Mental, Moral, 
and Physical Health of a Nation. 

INSTITUTION OF ELECTRICAL ENGINEERS, at 6.—Dr. S. P. Smith: Railway 
Electrification in Foreign Countries. 


FRIDAY, January 4. 


GEOGRAPHICAL ASSOCIATION (at Birkbeck College), at 10.30 a.a.—Confer- 
ence on The Teaching of Railway Geography.—At 2.30.—Annual 
Business Meeting. 

Evcenics Epucation Sociery anp Lina AssocraTion (at University 
College), at 3.—Mrs. Hodson: The Teaching of Hygiene and Racial 
Progress. 

RoyaL GroGRapHicaL Society (at Holian Hall), at 3.30.—Mrs. Julia 
Henshaw: Camping in the Kootenay, British Columbia (Lecture for 
Young People). 

Roya. Socrety or Arts (Indian Section), at 4.30. 

RoyaL PxHorocRaPHic Society oF GREAT Britain, at 7.—Pictorial 
Group Meeting. 

Juntor INSTITUTION OF ENGINEERS, at 7.30.—L. Manico: Economy of 
Fuel by Removal of Soot from Boiler Tubes. : 

Puroocica Society (at University College), at 8.—Prof. 8. Boyanus : 
Russian and English Phonetics. 


SATURDAY, January 5. 


Instirution oF Great Britain, at 3.—Sir William Bragg : Con- 
cerning the Nature of Things: The Nature of Crystals—Ice and Snow 
(Juvenile Lectures (5)). 

GILBERT WuHiTe FELLOwsHIP (at 6 Queen Square, W.C.1), at 8.—Sir 
David Prain : Gilbert White and Moral History. 
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The Structure of the Atom’ 


By Prof. N. Bou 


Tue GENERAL PICTURE OF THE ATOM. 


‘HE present state of atomic theory is characterised 
‘| by the fact that we not only believe the existence 
of atoms to be proved beyond a doubt, but also we 
even believe that we have an intimate knowledge of the 
constituents of the individual atoms. I cannot on 
this occasion give a survey of the scientific develop- 
menis that have led to this result ; I will only recall 
the discovery of the electron towards the close of the 
last century, which furnished the direct verification 
and led to a conclusive formulation of the conception 
of the atomic nature of electricity which had evolved 
since the discovery by Faraday of the fundamental 
laws >{ electrolysis and Berzelius’s electrochemical 
theory, and had its greatest triumph in the electrolytic 
dissociation theory of Arrhenius. This discovery of 
the electron and elucidation of its properties was the 
result of the work of a large number of investigators, 
among whom Lenard and J. J. Thomson may be 
particularly mentioned. The latter especially has 
made very important contributions to our subject by 
his ingenious attempts to develop ideas about atomic 
constitution on the basis of the electron theory. The 
present state of our knowledge of the elements of 
atomic structure was reached, however, by the dis- 
covery of the atomic nucleus, which we owe to Ruther- 
ford, whose work on the radioactive substances 
discovered towards the close of the last century has 
much enriched physical and chemical science. 

According to our present conceptions, an atom of 
an element is built up of a nucleus that has a positive 
electrical charge and is the seat of by far the greatest 
part of the atomic mass, together with a number of 
electrons, all having the same negative charge and 
mass, which move at distances from the nucleus that 
are very great compared to the dimensions of the 
nucleus or of the electrons themselves. In this picture 
we at once see a striking resemblance to a planetary 
system, such as we have in our own solar system. 
Just as the simplicity of the laws that govern the 
motions of the solar system is intimately connected 
with the circumstance that the dimensions of the 
* Lecture delivered at Stockholm, December 11, rae on the occasion 


of the receipt of the Nobel prize in physics for the year 1922. English 
translation by Dr. Frank C. Hoyt. ais m 


moving bodies are small in relation to the orbits, so 
the corresponding relations in atomic structure provide 
us with an explanation of an essential feature of 
natural phenomena in so far as these depend on the 
properties of the elements. It makes clear at once 
that these properties can be divided into two sharply 
distinguished classes. 

To the first class belong most of the ordinary 
physical and chemical properties of substances, such as 
their state of aggregation, colour, and chemical re- 
activity. These properties depend on the motion of 
the electron system and the way in which this motion 
changes under the influence of different external 
actions. On account of the large mass of the nucleus 
relatiye to that of the electrons and its smallness in 
comparison to the electron orbits, the electronic 
motion will depend only to a very small extent on the 
nuclear mass, and will be determined to a close 
approximation solely by the total electrical charge 
of the nucleus. Especially the inner structure of the 
nucleus and the way in which the charges and masses 
are distributed among its separate particles will have 
a vanishingly small influence on the motion of the 
electron system surrounding the nucleus. On the 
other hand, the structure of the nucleus will be 
responsible for the second class of properties that 
are shown in the radioactivity of substances. In the 
radioactive processes we meet with an explosion of 
the nucleus, whereby positive or negative particles, 
the so-called a- and £-particles, are expelled with very 
great velocities. 

Our conceptions of atomic structure afford us, 
therefore, an immediate explanation of the complete 
lack of interdependence between the two classes of 
properties, which is most strikingly shown in the 
existence of substances which have to an extraordinarily 
close approximation the same ordinary physical and 
chemical properties, even though the atomic weights 
are not the same, and the radioactive properties are 
completely different. Such substances, of the existence 
of which the first evidence was found in the work of 
Soddy and other investigators on the chemical properties 
of the radioactive elements, are called isotopes, with 
reference to the classification of the elements according 


to ordinary physical and chemical properties. It is 
A 3 
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not necessary for me to state here how it has been 
shown in recent years that isotopes are found not 
only among the radioactive elements, but also among 
ordinary stable elements; in fact, a large number 
of the latter that were previously supposed simple 
have been shown by Aston’s well-known investigations 
to consist of a mixture of isotopes with different 
atomic weights. 

The question of the inner structure of the nucleus 
is still but little understood, although a method of 
attack is afforded by Rutherford’s experiments on the 
disintegration of atomic nuclei by bombard- 


lines. The meaning of the square brackets around 
certain series of elements in the later periods, the 
properties of which exhibit typical deviations from 
the simple periodicity in the first periods, will be dis- 
cussed later. 

In the development of the theory of atomic struc- 
ture the characteristic features of the natural system 
have found a surprisingly simple interpretation. Thus 
we are led to assume that the ordinal number oj 
an element in the periodic table, the so-called atomic 
number, is just equal to the number of electrons 

which move about the nucleus in the 
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73 Ta 


spectra of the elements. We may 
perhaps also point out, how the 


ment with a-particles. Indeed, these experi- — a neutral atom. In an imperfect form, 
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Ty W simple connexion between atomic 
B- F number and nuclear charge offers an 
76 Os explanation of the laws governing 


om the changes in chemical properties 
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properties of the ele- 
ments and the attempts which have been 
made to explain them on the basis of the 
concepts just outlined. 

It is well known that the elements can be 
arranged as regards their ordinary physical 
and chemical properties in a natural system 
which displays most suggestively the peculiar re- 
lationships between the different elements. It was 
recognised for the first time by Mendeléeff and 
Lothar Meyer that when the elements are arranged 
in an order which is practically that of their atomic 
weights, their chemical and physical properties show 
a pronounced periodicity. A diagrammatic representa- 
tion of this so-called periodic table is given in Fig. 1, 
where, however, the elements are not arranged in the 
ordinary way but in a somewhat modified form of a 
table first given by Julius Thomsen, who has also 
made important contributions to science in this 
domain. In the figure the elements are denoted by 
their usual chemical symbols, and the different vertical 
columns indicate the so-called periods. The elements 
in successive columns which possess homologous 
chemical and physical properties are connected with 


79 Au of the elements after expulsion of 


$0 hg a- or f-particles, which found a 
yd simple formulation in the so-called 
89.Bi radioactive displacement law. 
Atomic STABILITY AND ELECcrRO- 
86 Em 18 - DYNAMIC THEORY. 

aie As soon as we try to trace 4 


more intimate connexion between the properties 
of the elements and atomic structure, we encounter 
profound difficulties, in that essential differences 
between an atom and a planetary system show 
themselves here in spite of the analogy we have 
mentioned. 

The motions of the bodies in a planetary system, 
even though they obey the general law of gravitation, 
will not be completely determined by this law alone, 
but will depend largely on the previous history 6! 
the system. Thus the length of the year is not 
determined by the masses of the sun and the earth 
alone, but depends also on the conditions that existed 
during the formation of the solar system, of whicl 
we have very little knowledge. Should a sufficiently 
large foreign body some day traverse our solar system, 
we might among other effects expect that from that 
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day the length of the year would be different from 
its present value. 

It is quite otherwise in the case of atoms. The 
definite and unchangeable properties of the elements 
demand that the state of an atom cannot undergo 
permanent changes due to external actions. As soon 

; the atom is left to itself again, its constituent 
particles must arrange their motions in a manner 
which is completely determined by the electric 
charges and masses of the particles. We have the 
most convincing evidence of this in spectra, that is, 
in the properties of the radiation emitted from sub- 
stances in certain circumstances, which can be 
studied with such great precision. It is well known 
that the wave-lengths of the spectral lines of a sub- 
stance, which can in many cases be measured with an 
accuracy of more than one part in a million, are, in 
the same external circumstances, always exactly the 
same within the limit of error of the measurements, 
and quite independent of the previous treatment 
of this substance. It is just to this circumstance 
that we owe the great importance of spectral 
analysis, which has been such an invaluable aid to 
the chemist in the search for new elements, and has 
also shown us that even on the most distant bodies 
of the universe there occur elements with exactly the 
same properties as on the earth. 

On the basis of our picture of the constitution of 
the atom it is thus impossible, so long as we restrict 
ourselves to the ordinary mechanical laws, to account 
for the characteristic atomic stability which is required 
for an explanation of the properties of the elements. 

The situation is by no means improved if we 
also take into consideration the well-known electro- 
dynamic laws which Maxwell succeeded in formulating 
on the basis of the great discoveries of Oersted and 
Faraday in the first half of the last century. Maxwell’s 
theory has not only shown itself able to account for 
the already known electric and magnetic phenomena 
in all their details, but has also celebrated its greatest 
triumph in the prediction of the electromagnetic waves 
which were discovered by Hertz, and are now so 
extensively used in wireless telegraphy. 

For a time it seemed as though this theory would 
also be able to furnish a basis for an explanation of 
the details of the properties of the elements, after 
it had been developed, chiefly by Lorentz and Larmor, 
into a form consistent with the atomistic conception 
of electricity. I need only remind you of the great 
interest that was aroused when Lorentz, shortly after 
the discovery by Zeeman of the characteristic changes 
that spectral lines undergo when the emitting substance 
is brought into a magnetic field, could give a natural 
and simple explanation of the main features of the 


phenomenon. Lorentz assumed that the radiation 
which we observe in a spectral line is sent out from 
an electron executing simple harmonic vibrations 
about a position of equilibrium in precisely the same 
manneras the electromagnetic waves in radio-telegraphy 
are sent out by the electric oscillations in the antenne. 
He also pointed out how the alteration observed by 
Zeeman in the spectral lines corresponded exactly 
to the alteration in the motion of the vibrating electron 
which one would expect to be produced by the magnetic 
field. 

It was, however, impossible on this basis to give 
a closer explanation of the spectra of the elements, 
or even of the general type of the laws holding with 
great exactness for the wave-lengths of lines in these 
spectra, which had been established by Balmer, 
Rydberg, and Ritz. After we obtained details as 
to the constitution of the atom, this difficulty became 
still more manifest ; in fact, so long as we confine 
ourselves to the classical electrodynamic theory we 
cannot even understand why we obtain spectra con- 
sisting of sharp lines at all. This theory can even 
be said to be incompatible with the assumption of 
the existence of atoms possessing the structure we 
have described, in that the motions of the electrons 
would claim a continuous radiation of energy from the 
atom, which would cease only when the electrons 
had fallen into the nucleus. 


THE ORIGIN OF THE QuaNTUM THEORY. 


It has, however, been possible to avoid the various 
difficulties cf the electrodynamic theory by introducing 
concepts borrowed from the so-called quantum theory, 
which marks a complete departure from the ideas 
that have hitherto been used for the explanation of 
natural phenomena. This theory was originated by 
Planck, in the year 1900, in his investigations on the 
law of heat radiation, which, because of its independence 
of the individual properties of substances, lent itself 
peculiarly well to a test of the applicability of the 
laws of classical physics to atomic processes. 

Planck considered the equilibrium of radiation 
between a number of systems with the same properties 
as those on which Lorentz had based his theory of 
the Zeeman effect, but he could now show not only 
that classical physics could not account for the 
phenomena of heat radiation, but also that a complete 
agreement with the experimental law could be obtained 
if—in pronounced contradiction to classical theory— 
it were assumed that the energy of the vibrating 
electrons could not change continuously, but only 
in such a way that the energy of the system always 
remained equal to a whole number of so-called energy- 
quanta. The magnitude of this quantum was found 
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to be proportional to the frequency of oscillation of 
the particle, which, in accordance with classical 
concepts, was supposed to be also the frequency of 
the emitted radiation. The proportionality factor 
had to be regarded as a new universal constant, 
since termed Planck’s constant, similar to the 
velocity of light and the charge and mass of the 
electron, 

Planck’s surprising result stood at first completely 
isolated in natural science, but with Einstein’s significant 
contributions to this subject a few years after, a great 
variety of applications was found. In the first place, 
Einstein pointed out that the condition limiting the 
amount of vibrational energy of the particles could be 
tested by investigation of the specific heat of crystalline 
bodies, since in the case of these we have to do with 
similar vibrations, not of a single electron, but of whole 
atoms about positions of equilibrium in the crystal 
lattice. Einstein was able to show that the experi- 
ment confirmed Planck’s theory, and through the 
work of later investigators this agreement has proved 
quite complete. Furthermore, Einstein emphasised 
another consequence of Planck’s results, namely, that 
radiant energy could only be emitted or absorbed 
by the oscillating particle in so-called “quanta of 
radiation,” the magnitude of each of which was equal 
to Planck’s constant multiplied by the frequency. 

In his attempts to give an interpretation of this 
result, Einstein was led to the formulation of the 
so-called “ hypothesis of light-quanta,” according to 
which the radiant energy, in contradiction to Maxwell’s 
electromagnetic theory of light, would not be pro- 
pagated as electromagnetic waves, but rather as 
concrete light atoms, each with an energy equal to 
that of a quantum of radiation. This concept led 
Einstein to his well-known theory of the photo-electric 
effect. This phenomenon, which had been entirely 
unexplainable on the classical theory, was thereby 
piaced in a quite different light, and the predictions 
of Einstein’s theory have received such exact experi- 
mental confirmation in recent years, that perhaps 
the most exact determination of Planck’s constant 
is afforded by measurements on the photo-electric 
effect. In spite of its heuristic value, however, the 
hypothesis of light-quanta, which is quite irreconcilable 
with so-called interference phenomena, is not able 
to throw light on the nature of radiation. I need 
only recall that these interference phenomena con- 
stitute our only means of investigating the properties 
of radiation and therefore of assigning any closer 
meaning to the frequency which in Einstein’s theory 
fixes the magnitude of the light-quantum. 

In the following years many efforts were made to 
apply the concepts of the quantum theory to the 


question of atomic structure, and the principal emphas; 
was sometimes placed on one and sometimes on the 
other of the consequences deduced by Einstein from 
Planck’s result. As the best known of the attempts 
in this direction, from which, however, no definite 
results were obtained, I may mention the work of 
Stark, Sommerfeld, Hasenédhrl, Haas, and Nicholson. 
From this period also dates an investigation by 
Bjerrum on infra-red absorption bands, which, althoug); 
it had no direct bearing on atomic structure, proved 
significant for the development of the quantum theory. 
He directed attention to the fact that the rota- 
tion of the molecules in a gas might be investigated 
by means of the changes in certain absorption lines 
with temperature. At the same time he emphasised 
the fact that the effect should not consist of a con- 
tinuous widening of the lines such as might be expected 
from classical theory, which imposed no restrictions 
on the molecular rotations, but in accordance with 
the quantum theory he predicted that the lines should 
be split up into a number of components, corresponding 
to a sequence of distinct possibilities of rotation. 
This prediction was confirmed a few years later lvy 
Eva von Bahr, and the phenomenon may still be 
regarded as one of the most striking evidences of the 
reality of the quantum theory, even though from our 
present point of view the original explanation has 
undergone a modification in essential details. 


THe Quantum THEORY oF Atomic CONSTITUTION. 


The question of further development of the quantum 
theory was in the meantime placed in a new light 
by Rutherford’s discovery of the atomic nucleus (1911). 
As we have already seen, this discovery made it quite 
clear that by classical conceptions alone it was quite 
impossible to understand the most essential properties 
ofatoms. One was therefore led to seek for a formula- 
tion of the principles of the quantum theory that 
could immediately account for the stability in atomic 
structure and the properties of the radiation sent 
out from atoms, of which the observed properties of 
substances bear witness. Such a formulation was 
proposed (1913) by the present lecturer in the form 
of two postulates, which may be stated as follows : 

1. Among the conceivably possible states of 
motion in an atomic system there exist a number 
of so-called stationary states which, in spite of 
the fact that the motion of the particles in these 
states obeys the laws of classical mechanics to 
a considerable extent, possess a peculiar, mechanic- 
ally unexplainable stability, of such a sort that 
every permanent change in the motion of the 
system must consist in a complete transition from 
one stationary state to another. 
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2. While in contradiction to the classical 
electromagnetic theory no radiation takes place 
from the atom in the stationary states themselves, 
a process of transition between two stationary 
states can be accompanied by the emission of 
electromagnetic radiation, which will have the 
same properties as that which would be sent 
out according to the classical theory from an 
electrified particle executing an harmonic vibra- 
tion with constant’ frequency. This frequency v 
has, however, no simple relation to the motion 
of the particles of the atom, but is given by the 
relation 

hv=E’-E’, 

where h is Planck’s constant, and E’ and E” are 
the values of the energy of the atom in the two 
stationary states that form the initial and final 
state of the radiation process. Conversely, irradia- 
tion of the atom with electromagnetic waves of 
this frequency can lead to an absorption process, 
whereby the atom is transformed back from the 
latter stationary state to the former. 

While the first postulate has in view the general 
stability of the atom, the second postulate has chiefly 
in view the existence of spectra with sharp lines. 
Furthermore, the quantum theory condition entering 
in the last postulate affords a starting point for the 
interpretation of the laws of series spectra. The 
most general of these laws, the combination principle 
enunciated by Ritz, states that the frequency v for 
each of the lines in the spectrum of an element can 
be represented by the formula 

y=T"—T’, 
where T” and T’ are two so-called “ spectral terms ” 
belonging to a manifold of such terms characteristic 
of the substance in question. 

According to our postulates, this law finds an 
immediate interpretation in the assumption that the 
spectrum is emitted by transitions between a number 
of stationary states in which the numerical value of 
the energy of the atom is equal to the value of the 
spectral term multiplied by Planck’s constant. This 
explanation of the combination principle is seen 
to differ fundamentally from the usual ideas of 
electrodynamics, as soon as we consider that there 
is no simple relation between the motion of the atom 
and the radiation sent out. The departure of our 
considerations from the ordinary ideas of natural 
philosophy becomes particularly evident, however, 
when we observe that the occurrence of two spectral 
lines, corresponding to combinations of the same 
spectral term with two other different terms, implies 
that the nature of the radiation sent out from the 
atom is not determined only by the motion of the 


atom at the beginning of the radiation process, but 
also depends on the state to which the atom is trans- 
ferred by the process. 

At first glance one might, therefore, think that it 
would scarcely be possible to bring our formal explana- 
tion of the combination principle into direct relation 
with our views regarding the constitution of the atom, 
which, indeed, are based on experimental evidence 
interpreted on classical mechanics and electrodynamics. 
A closer investigation, however, should make it clear 
that a definite relation may be obtained between the 
spectra of the elements and the structure of their 
atoms on the basis of the postulates. 


THE HyDROGEN SPECTRUM. 


The simplest spectrum we know is that of hydrogen. 
The frequencies of its lines may be represented with 
great accuracy by means of Balmer’s formula : 


I I 
v= K — 


where K is a constant and 7’ and n” are two integers. 
In the spectrum we accordingly meet a single series 
of spectral terms of the form K/n?, which decrease 
regularly with increasing term number m. In accord- 
ance with the postulates, we shall therefore’ assume 
that each of the hydrogen lines is emitted by a transi- 
tion between two states belonging to a series of 
stationary states of the hydrogen atom in which the 
numerical value of the atom’s energy is equal to hK/n?. 

Following our picture of atomic structure, a hydrogen 
atom consists of a positive nucleus and an electron 
which—so far as ordinary mechanical conceptions are 
applicable—will with great approximation describe a 
periodic elliptical orbit with the nucleus at one focus. 
The major axis of the orbit is inversely proportional 
to the work necessary completely to remove the 
electron from the nucleus, and, in accordance with 
the above, this work in the stationary states is just 
equal to AK/n*. We thus arrive at a manifold of 
stationary states for which the major axis of the 
electron orbit takes on a series of discrete values 
proportional to the squares of the whole numbers. 
The accompanying Fig. 2 shows these relations 
diagrammatically. For the sake of simplicity the 
electron orbits in the stationary states are represented 
by circles, although in reality the theory places no 
restriction on the eccentricity of the orbit, but only 
determines the length of the major axis. The arrows 
represent the transition processes that correspond to 
the red and green hydrogen lines, Ha and Hf, the 
frequency of which is given by means of the Balmer 
formula when we put m”=2 and n’=3 and 4 respect- 
ively. The transition processes are also represented 
which correspond to the first three lines of the series 
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of ultra-violet lines found by Lyman in 1914, of which 
the frequencies are given by the formula when 1 is put 
equal to 1, as well as to the first line of the infra-red 
series discovered some years previously by Paschen, 
which are given by the formula if n” is put equal to 3. 

This explanation of the origin of the hydrogen 
spectrum leads us quite naturally to interpret this 
spectrum as the manifestation of a process whereby 
the electron is bound to the nucleus. While the 
largest spectral term with term number 1 corresponds 
to the final stage in the binding process, the small 
spectral terms that have larger values of the term 
number correspond to stationary states which represent 
the initial states of the binding process, where the 


Fic. 2. 


electron orbits still have large dimensions, and where 
the work required to remove an electron from the 
nucleus is still small. The final stage in the binding 
process we may designate as the normal state of the 
atom, and it is distinguished from the other stationary 
states by the property that, in accordance with the 
postulates, the state of the atom can only be changed 
by the addition of energy whereby the electron is 
transferred to an orbit of larger dimensions correspond- 
ing to an earlier stage of the binding process. 

The size of the electron orbit in the normal state 
calculated on the basis of the above interpretation 
of the spectrum agrees roughly with the value for the 
dimensions of the atoms of the elements that have 
been calculated by the kinetic theory of matter from the 
properties of gases. Since, however, as an immediate 
consequence of the stability of the stationary states 
that is claimed by the postulates, we must suppose 
that the interaction between two atoms during a 
collision cannot be completely described with the aid 
of the laws of classical mechanics, such a comparison 
as this cannot be carried further on the basis of such 
considerations as those just outlined. 

A more intimate connexion between the spectra 
and the atomic model has been revealed, however, 


by an investigation of the motion in those stationary 
states where the term number is large, ‘and where 
the dimensions of the electron orbit and the frequency 
of revolution in it vary relatively little when we go 
from one stationary state to the next following. it 
was possible to show that the frequency of the radiation 
sent out during the transition between two stationary 
states, the difference of the term numbers of which 
is small in comparison to these numbers themselves, 
tended to coincide in frequency with one of tle 
harmonic components into which the electron moticn 
could be resolved, and accordingly also with the 
frequency of one of the wave trains in the radiation 
which would be emitted according to the laws of 
ordinary electrodynamics. 

The condition that such a coincidence should occur 
in this region where the stationary states differ but 
little from one another proves to be that the constant 
in the Balmer formula can be expressed by means of 
the relation 


where e and m are respectively the charge and mass 
of the electron, while / is Planck’s constant. This 
relation has been shown to hold to within the con- 
siderable accuracy with which, especially through the 
beautiful investigations of Millikan, the quantities 
e, m, and h are known. 

This result shows that there exists a connexion 
between the hydrogen spectrum and the model (or 
the hydrogen atom which, on the whole, is as close 
as we might hope considering the departure of the 
postulates from the classical mechanical and electro- 
dynamic laws. At the same time, it affords some 
indication of how we may perceive in the quantum 
theory, in spite of the fundamental character of this 
departure, a natural generalisation of the fundamental 
concepts of the classical electrodynamic theory. To 
this most important question we shall return later, 
but first we will discuss how the interpretation of 
the hydrogen spectrum on the basis of the postulates 
has proved suitable in several ways, for elucidating the 
relation between the properties of the different elements. 


RELATIONSHIPS BETWEEN THE ELEMENTS. 

The discussion above can be applied immediately 
to the process whereby an electron is bound to a 
nucleus with any given charge. The calculations 
show that, in the stationary state corresponding to 
a given value of the number 2, the size of the orbit 
will be inversely proportional to the nuclear charge, 
while the work necessary to remove an electron will 
be directly proportional to the square of the nuclear 
charge. The spectrum that is emitted during the 
binding of an electron by a nucleus with charge N 
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times that of the hydrogen nucleus can therefore be 
represented by the formula : 


I I 
- 
n’2 


if in this formula we put N=2, we get a spectrum 
which contains a set of lines in the visible region 
which was observed many years ago in the spectrum 
of certain stars. Rydberg assigned these lines to 
hydrogen because of the close analogy with the series 
of lines represented by the Balmer formula. It was 
never possible to produce these lines in pure hydrogen, 
but just before the theory for the hydrogen spectrum 
was put forward, Fowler succeeded in observing the 
series in question by sending a strong discharge 


to element in a manner that corresponded closely to 
the formula given above for the spectrum emitted 
during the binding of an electron to a nucleus, pro- 
vided N was put equal:to the atomic number of the 
element concerned. This formula was even capable 
of expressing, with an approximation that could not 
be without significance, the frequencies of the strongest 
X-ray lines, if small whole numbers were substituted 
for n’ and n”, 

This discovery was of great importance in several 
respects. In the first place, the relationship between the 
X-ray spectra of different elements proved so simple that 
it became possible to fix without ambiguity the atomic 
number for all known substances, and in this way to 


through a mixture of hydrogen and helium. This | predict with certainty the atomic number of all such 


investigator also assumed that the 


\ 


lines were hydrogen lines, because 60 

there existed no experimental fe 
evidence from which it might be 8 Pe 
inferred that two different sub- 7 AA, 
stances could show properties & a ay 
resembling each other so much as - ae 

the spectrum in question and that > — 

of hydrogen. After the theory 3 4 

was put forward, it became clear, S oH 

however, that the observed lines 8 50 a 

must belong to a spectrum of Q 

helium, but that they were not ~ Pg 

like the ordinary helium spectrum ¥ 20 ra 

emitted from the neutral atom. § A 

They came from an ionised helium >. al 

atom which consists of a single 3/0 - 

electron moving about a nucleus 

with double charge. In this way 

there was brought to light a new JO 20 2 26 26 28.30 32 34 36 AD 


feature of the relationship between 
the elements, which corresponds 
exactly with our present ideas of 
atomic structure, according to which the physical and 
chemical properties of an element depend in the first 
instance only on the electric charge of the atomic 
nucleus. 

Soon after this question was settled the existence 
of a similar general relationship between the properties. 
of the elements was brought to light by Moseley’s 
well-known investigations on the characteristic X-ray 
spectra of the elements, which was made possible 
by Laue’s discovery of the interference of X-rays in 
crystals and the investigations of W. H. and W. L. 
Bragg on this subject. It appeared, in fact, that 
the X-ray spectra of the different elements possessed 
a much simpler structure and a much greater mutual 
resemblance than their optical spectra. In particular, 
it appeared that the spectra changed from element 
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hitherto unknown elements for which there is a place 
in the natural system. Fig. 3 shows how the square 
root of the frequency for two characteristic X-ray 
lines depends on the atomic number. These lines 
belong to the group of so-called K-lines, which are 
the most penetrating of the characteristic rays. With 
very close approximation the points lie on straight 
lines, and the fact that they do so is conditioned 
not only by our taking account of known elements, but 
also by our leaving an open place between molybdenum 
(42) and ruthenium (44), just as in Mendeléeff’s 
original scheme of the natural system of the elements. 

Further, the laws of X-ray spectra provide a con- 
firmation of the general theoretical conceptions, both 
with regard to the constitution of the atom and the 
ideas that have served as a basis for the interpretation 
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of spectra. Thus the similarity between X-ray 
spectra and the spectra emitted during the binding 
of a single electron to a nucleus may be simply inter- 
preted from the fact that the transitions between 
stationary states with which we are concerned in 
X-ray spectra are accompanied by changes in the 
motion of an electron in the inner part of the atom, 
where the influence of the attraction of the nucleus 
is very great compared with the repulsive forces of 
the other electrons. 

The relations between other properties of the elements 
are of a much more complicated character, which 
originates in the fact that we have to do with processes 
concerning the motion of the electrons in the outer 
part of the atom, where the forces that the electrons 


Ordinary optical spectra behave in an analogous 
way. In spite of the dissimilarity between these 
spectra, Rydberg succeeded in tracing a certain 
general relationship between the hydrogen spec. 
trum and other spectra. Even though the speciral 
lines of the elements with higher atomic num)er 
appear as combinations of a more complicated mani/old 
of spectral terms which is not so simply co-ordina ‘ed 
with a series of whole numbers, still the spectral terms 
can be arranged in series each of which shows a strong 
similarity to the series of terms in the hydroven 
spectrum. This similarity appears in the fact that 
the terms in each series can, as Rydberg pointed out, 
be very accurately represented by the formula K/(7 + «)?, 
where K is the same constant that occurs in the 
hydrogen spectrum, often called the 


Cy 


Rydberg constant, while ” is the 


term number, and a a_ constant 
which is different for the different 
series. 


g 
X» 


This relationship with the hydro- 
gen spectrum leads us immediately 


8 
> 


to regard these spectra as the las! 
step of a process whereby the neutral 


Lim. atom is built up by the capture and 
binding of electrons to the nucleus, 
one by one. In fact, it is clear that 
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the last electron captured, so long as 
Zé —\7% | it is in that stage of the binding 
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R A snd previously bound electrons, wil! be 


bey process in which its orbit is still 
large compared to the orbits o/ the 


subjected to a force from the 
nucleus and these electrons, that 
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exert on one another are of the same order of magnitude 
as the attraction towards the nucleus, and where, 
therefore, the details of the interaction of the electrons 
play an important part. A characteristic example 
of such a case is afforded by the spatial extension 
of the atoms of the elements. Lothar Meyer himself 
directed attention to the characteristic periodic change 
exhibited by the ratio of the atomic weight to the 
density, the so-called atomic volume, of the elements 
in the natural system. An idea of these facts is given 
by Fig. 4, in which the atomic volume is represented 
as a function of the atomic number. A greater 
difference between this and the previous figure could 
scarcely be imagined. While the X-ray spectra 
vary uniformly with the atomic number, the atomic 
volumes show a characteristic periodic change which 
corresponds exactly to the change in the chemical 
properties of the elements. 


differs but little from the force with 
which the electron in the hydrogen 
atom is attracted towards the nucleus 
while it is moving in an orbit of corresponding 
dimensions. 

The spectra so far considered, for which Rydberg’s 
laws hold, are excited by means of electric dis- 
charge under ordinary conditions and are often called 
arc spectra. The elements emit also another type 
- of spectrum, the so-called spark spectra, when they 
are subjected to an extremely powerful discharge. 
Hitherto it was impossible to disentangle the spark 
spectra in the same way as the arc spectra. Shortly 
after the above view on the origin of arc spectra 
was brought forward, however, Fowler found (1914) 
that an empirical expression for the spark spectrum 
lines could be established which corresponds exactly 
to Rydberg’s laws with the single difference that the 
constant K is replaced by a constant four times 4 
large. Since, as we have seen, the constant that 
appears in the spectrum sent out during the binding 
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of an electron to a helium nucleus is exactly equal 
to 4 K, it becomes evident that spark spectra are due 
to the ionised atom, and that their emission corresponds 
to the last step but one in the formation of the neutral 
atom by the successive capture and binding of electrons. 


ABSORPTION AND EXCITATION OF SPECTRAL LINES. 

The interpretation of the origin of the spectra was 
also able to explain the characteristic laws that govern 
absorption spectra. As Kirchhoff and Bunsen had 
already shown, there is a close relation between the 
selective absorption of substances for radiation and 
their emission spectra, and it is on this that the 
application of spectrum analysis to the heavenly 
bodies essentially rests. Yet on the basis of the 
classical electromagnetic theory, it is impossible to 
understand why substances in the form of vapour 


show absorption for certain lines in their emission | 


spectrum and not for others. 
On the basis of the postulates given above we are, 


however, led to assume that the absorption of radiation | 


‘orresponding to a spectral line emitted by ition | ; 
: P 8 P i by 2 teameition | of the quantum theory was necessary in order to 


from one stationary state of the atom to a state of 
less energy is brought about by the return of the atom 
from the last-named state to the first. We thus 
understand immediately that in ordinary circumstances 
a gas or vapour can only show selective absorption 
for spectral lines that are produced by a transition 
from a state corresponding to an earlier stage in the 
binding process to the normal state. Only at higher 
temperatures or under the influence of electric dis- 
charges whereby an appreciable number of atoms are 
being constantly disrupted from the normal state, 
can we expect absorption for other lines in the emission 
spectrum in agreement with the experiments. 

A most direct confirmation for the general inter- 
pretation of spectra on the basis of the postulates 
has also been obtained by investigations on the 
excitation of spectral lines and ionisation of atoms 
by means of impact of free electrons with given 
velocities. A decided advance in this direction was 
marked by the well-known investigations of Franck 
and Hertz (1914). It appeared from their results 
that by means of electron impacts it was impossible 
to impart to an atom an arbitrary amount of energy, 
but only such amounts as corresponded to a transfer 
of the atom from its normal state to another stationary 
state of the existence of which the spectra assure us, 
and the energy of which can be inferred from the 
magnitude of the spectral term. 

Further, striking evidence was afforded of the in- 
dependence that, according to the postulates, must 
be attributed to the processes which give rise to the 
emission of the different spectral lines of an element. 


Thus it could be shown directly that atoms that were 
transferred in this manner to a stationary state of 
greater energy were able to return to the normal 


| state with emission of radiation corresponding to a 


single spectral line. 

Continued investigations on electron impacts, in 
which a large number of physicists have shared, have 
also produced a detailed confirmation of the theory 
concerning the excitation of series spectra. Especially 
it has been possible to show that for the zonisation 
of an atom by electron impact an amount of energy 
is necessary that is exactly equal to the work required, 
according to the theory, to remove the last electron 
captured from the atom. This work can be determined 


| directly as the product of Planck’s constant and the 


spectral term corresponding to the normal state, 
which, as mentioned above, is equal to the limiting 
value of the frequencies of the spectral series connected 
with selective absorption. 


THE Quantum THEORY OF MULTIPLY-PERIODIC 
SYSTEMS. 


While it was thus possible by means of the funda- 
mental postulates of the quantum theory to account 
directly for certain general features of the properties 
of the elements, a closer development of the ideas 


account for these properties in further detail. In the 
course of the last few years a more general theo- 
retical basis has been attained through the develop- 
ment of formal methods that permit the fixation of 
the stationary states for electron motions of a more 
general type than those we have hitherto considered. 
For a simply periodic motion such as we meet in the 
pure harmonic oscillator, and at least to a first ap- 
proximation, in the motion of an electron about a 
positive nucleus, the manifold of stationary states 
can be simply co-ordinated to a series of whole 
numbers. For motions of the more general class 
mentioned above, the so-called multiply-periodic 
motions, however, the stationary states compose a 
more complex manifold, in which, according to 
these formal methods, each state is characterised by 
several whole numbers, the so-called ‘“ quantum 
numbers.” 

In the development of the theory a large number 
of physicists have taken part, and the introduction 
of several quantum numbers can be traced back to 
the work of Planck himself. But the definite step 
which gave the impetus to further work was made 
by Sommerfeld (1915) in his explanation of the fine 
structure shown by the hydrogen lines when the 
spectrum is observed with a spectroscope of high 
resolving power. The occurrence of this fine structure 
must be ascribed to the circumstance that we have 
to deal, even in hydrogen, with a motion which is 
not exactly simply periodic. In fact, as a consequence 
of the change in the electron’s mass with velocity 
that is claimed by the theory of relativity, the electron 
orbit will undergo a very slow precession in the orbital 
plane. The motion will therefore be doubly periodic, 
and besides a number characterising the term in the 
Balmer formula, which we shall call the principal 
quantum number because it determines in the main 
the energy of the atom, the fixation of the stationary 
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states demands another quantum number which we 
shall call the subordinate quantum number. 

A survey of the motion in the stationary states 
thus fixed is given in the diagram (Fig. 5), which 
reproduces the relative size and form of the electron 
orbits. Each orbit is designated by a symbol m,, 
where is the principal quantum number and & the 
subordinate quantum number. All orbits with the 
same principal quantum number have, to a first 
approximation, the same major axis, while orbits 
with the same value of k have the same parameter, 
i.e. the same value for the shortest chord through the 
focus. Since the energy values for different states 
with the same value of » but different values of k 
differ a little from each other, we get for each hydrogen 
line corresponding to definite values of n’ and n” in 
the Balmer formula a number of different transition 
processes, for which the frequencies of the emitted 
radiation as calculated by the second postulate are 
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not exactly the same. As Sommerfeld was able to 
show, the components this gives for each hydrogen 
line agree with the observations on the fine structure 
of hydrogen lines to within the limits of experimental 
error. In the figure the arrows designate the processes 
that give rise to the components of the red and green 
lines in the hydrogen spectrum, the frequencies of 
which are obtained by putting n”=2 and n’=3 or 4 
respectively in the Balmer formula. 

In considering the figure it must not be forgotten 
that the description of the orbit is there incomplete, 
in so much as with the scale used the slow precession 
does not show at all. In fact, this precession is so 
slow that even for the orbits that rotate most rapidly 
the electron performs about 40,000 revolutions before 
the perihelion has gone round once. Nevertheless, 
it is this precession alone that is responsible for the 
multiplicity of the stationary states characterised by 
the subordinate quantum number. If, for example, 
the hydrogen atom is subjected to a small disturbing 
force which perturbs the regular precession, the 
electron orbit in the stationary states will have a 
form altogether different from that given in the figure. 
This implies that the fine structure will change its 


character completely, but the hydrogen spectrum will 
continue to consist of lines that are given to a close 
approximation by the Balmer formula, due to the 
fact that the approximately periodic character of the 
motion will be retained. Only when the disturbing 
forces become so large that even during a single 
revolution of the electron the orbit is appreciably 
disturbed, will the spectrum undergo essential changes. 
The statement often advanced that the introduction of 
two quantum numbers should be a necessary condition 
for the explanation of the Balmer formula must there- 
fore be considered as a misconception of the theory. 

Sommerfeld’s theory has proved itself able to 
account not only for the fine structure of the hydrogen 
lines, but also for that of the lines in the helium spark 
spectrum. Owing to the greater velocity of the 
electron, the intervals between the components into 
which a line is split up are here much greater and can 
be measured with much greater accuracy. The theory 
was also able to account for certain 
features in the fine structure oi 
X-ray spectra, where we meet fre- 
quency differences that may even 
reach a value more than a million 
times as great as those of the fre- 
quency differences for the com- 
ponents of the hydrogen lines. 

Shortly after this result had been 
attained, Schwarzschild and Epstein 
(1916) simultaneously succeeded, by 
means of similar considerations, in 
accounting for the characteristic 
changes that the hydrogen lines 
undergo in an electric field, which 
had been discovered by Stark in 
the year 1914. Next, an ex- 
planation of the essential features 
of the Zeeman effect for the hydro- 
gen lines was worked out at the 
same time by Sommerfeld and Debye 
(1917). In this instance the applica- 
tion of the Postulates involved the consequence 
that only certain orientations of the atom relative 
to the magnetic field were allowable, and this character- 
istic consequence of the quantum theory has quite 
recently received a most direct confirmation in the 
beautiful researches of Stern and Gerlach on the 
deflexion of swiftly-moving silver atoms in a non- 
homogenous magnetic field. 


THE CORRESPONDENCE PRINCIPLE. 


While this development of the theory of spectra 
was based on the working out of formal methods 
for the fixation of stationary states, the present 
lecturer succeeded shortly afterwards in throwing 
light on the theory from a new view-point, by pursuing 
further the characteristic connexion between the 
quantum theory and classical electrodynamics already 
traced out in the hydrogen spectrum. In connexion 
with the important work of Ehrenfest and Einstein 
these efforts led to the formulation of the so-called 
correspondence principle, according to which tlie 
occurrence of transitions between the stationary states 
accompanied by emission of radiation is traced back 
to the harmonic components into which the motion 
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of the atom may be resolved and which, according | 


to the classical theory, determine the properties of 
he radiation to which the motion of the particles 
ives rise. 

According to the correspondence principle, it is 
assumed that every transition process between two 
stationary states can be co-ordinated with a corre- 


| 
i 


Hg 


sponding harmonic vibration component in such a 
way that the probability of the occurrence of the 
transition is dependent on the amplitude of the vibra- 
tion. The state of polarisation of the radiation emitted 
during the transition depends on the further character- 
istics of the vibration, in a manner analogous to that 
in which on the classical theory the intensity and state 
of polarisation in the wave system emitted by the 
atom as a consequence of the presence of this vibration 
component would be determined respectively by the 
amplitude and further characteristics of the vibration. 

With the aid of the correspondence principle it 
has been possible to confirm and to extend the above- 
mentioned results. Thus it was possible to develop a 
complete quantum theory explanation of the Zeeman 
effect for the hydrogen lines, which, in spiie of the 
essentially different character of the assumptions that 
underlie the two theories, is very similar throughout 
to Lorentz’s original explanation based on the classical 
theory. In the case of the Stark effect, where, on 
the other hand, the classical theory was completely 
at a loss, the quantum theory explanation could be 
so extended with the help of the correspondence 
principle as to account for the polarisation of the 
diferent components into which the lines are split, 
and also for the characteristic intensity distribution 
exhibited by the components. This last question has 
been more closely investigated by Kramers, and the 
accompanying figure will give some impression of how 
completely it is possible to account for the phenomenon 
under consideration. 

lig. 6 reproduces one of Stark’s well-known photo- 
graphs of the splitting up of the hydrogen lines. The 
picture displays very well the varied nature of the 
phenomenon, and shows in how peculiar a fashion the 
intensity varies from component to component. The 
components below are polarised perpendicular to the 
field, while those above are polarised parallel to 
the field. 

lig. 7 gives a diagrammatic representation of the 
experimental and theoretical results for the line Hy, 
the frequency of which is given by the Balmer 
formula with n”=2 and n’=5. The vertical lines 


denote the components into which the line is split 


up, of which the picture on the right gives the 
components which are polarised parallel to the field 
and that on the left those that are polarised per- 
pendicular to it. The experimental results are re- 
presented in the upper half of the diagram, the 
distances from the dotted line representing the 
measured displacements of the components, and the 
lengths of the lines being proportional to the relative 
intensity as estimated by Stark from the blackening 
of the photographic plate. In the lower half is given 
for comparison a representation of the theoretical 
results from a drawing in Kramers’ paper. 

The symbol (n’,,—”,”) attached to the lines gives 
the transitions between the stationary states of 
the atom in the electric field by which the com- 
ponents are emitted. Besides the principal quan- 


| tum integer u, the stationary states are further 


characterised by a subordinate quantum integer s, 
which can be negative as well as positive and has a 
meaning quite different from that of the quantum 
number & occurring in the relativity theory of the 
fine structure of the hydrogen lines, which fixed 
the form of the electron orbit in the undisturbed 
atom. Under the influence of the electric field both 
the form of the orbit and its position undergo 
large changes, but certain properties of the orbit 
remain unchanged, and the subordinate quantum 
number s is connected with these. In Fig. 7 the 
position of the components corresponds to the fre- 
quencies calculated for the different transitions, and 
the lengths of the lines are proportional to the 
probabilities as calculated on the basis of the corre- 
spondence principle, by which also the polarisation 
of the radiation is determined. It is seen that the 
theory reproduces completely the main feature of 
the experimental results, and in the light of the corre- 
spondence principle we can say that the Stark effect 
reflects down to the smallest details the action of 
the electric field on the orbit of the electron in the 
hydrogen atom, even though in this case the reflection 
is so distorted that, in contrast with the case of the 
Zeeman effect, it would scarcely be possible directly 


POP LOE LE & 

Fic. 7. 


to recognise the motion on the basis of the classical 
ideas of the origin of electromagnetic radiation. 
Results of interest were also obtained for the spectra 
of elements of higher atomic number, the explanation 
of which in the meantime had made important progress 
through the work of Sommerfeld, who introduced 
several quantum numbers for the description of the 
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electron orbits. Indeed, it was possible, with the aid 
of the correspondence principle, to account completely 
for the characteristic rules which govern the seemingly 
capricious occurrence of combination lines, and it is 
not too much to say that the quantum theory has 
not only provided a simple interpretation of the 
combination principle, but has further contributed 
materially to the clearing up of the mystery that 
has long rested over the application of this principle. 
The same view-points have also proved fruitful in 
the investigation of the so-called band spectra. These 
do not originate, as do series spectra, from individual 
atoms, but from molecules; and the fact that these 
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spectra are so rich in lines is due to the complexity 
ef the motion entailed by the vibrations of the atomic 
nuclei relative to each other and the rotations of 
the molecule as a whole. The first to apply the 
postulates to this problem was Schwarzschild, but 
the important work of Heurlinger especially has 
thrown much light on the origin and structure of 
band spectra. The considerations employed here can 
be traced back directly to those discussed at the 
beginning of this lecture in connexion with Bjerrum’s 
theory of the influence of molecular rotation on the 
infra-red absorption lines of gases. It is true we no 
longer think that the rotation is reflected in the spectra 
in the way claimed by classical electrodynamics, but 
rather that the line components are due to transitions 
between stationary states which differ as regards 
rotational motion. That the phenomenon retains 
its essential features, however, is a typical consequence 
of the correspondence principle. 


Tue NATURAL SYSTEM OF THE ELEMENTS. 


The ideas of the origin of spectra outlined in the 
preceding have furnished the basis for a theory of the 
structure of the atoms of the elements which has 
shown itself suitable for a general interpretation of 
the main features of the properties of the elements, 
as exhibited in the natural system. This theory is 
based primarily on considerations of the manner in 
which the atom can be imagined to be built up by the 
capture and binding of electrons to the nucleus, one 


by one. As we have seen, the optical spectra o/ 
elements provide us with evidence on the progress 
of the last steps in this building up process. 

An insight into the kind of information that the 
closer investigation of the spectra has provided in th s 
respect may be obtained from Fig. 8, which gives . 
diagrammatic representation of the orbital motion in 
the stationary states corresponding to the emission 
of the arc-spectrum of potassium. The curves show 
the form of the orbits described in the stationary 
states by the last electron captured in the potassium 
atom, and they can be considered as stages in the 
process whereby the 19th electron is bound after tle 
18 previous electrons have alreacy 
been bound in their normal orbits. 
In order not to complicate tile 
figure, no attempt has been mace 
to draw any of the orbits of these 
inner electrons, but the region in 
which they move is enclosed hy 
a dotted circle. In an atom with 
several electrons the orbits will, 
in general, have a complicated 
character. Because of the sym- 
metrical nature of the field of force 
about the nucleus, however, the 
motion of each single electron can 
be approximately described as a 
plane periodic motion on which is 
superimposed a uniform rotation in 
the plane of the orbit. The orit 
of each electron will therefore be to a 
first approximation doubly periodic, 
and will be fixed by two quantum 
numbers, as are the stationary states ina hydrogen atom 
when the relativity precession is taken into account. 

In Fig. 8, as in Fig. 5, the electron orbits are marked 
with the symbol ,, where x is the principal quantum 
number and & the subordinate quantum number. 
While for the initial states of the binding process, 
where the quantum numbers are large, the orbit of 
the last electron captured lies completely outside of 
those of the previously bound electrons, this is not 
the case for the last stages. Thus, in the potassium 
atom, the electron orbits with subordinate quantim 
numbers 2 and 1 will, as indicated in the figure, 
penetrate partly into the inner region. Because of 
this circumstance, the orbits will deviate very greatly 
from a simple Kepler: motion, since they will consist 
of a series of successive outer loops that have ihe 
same size and form, but each of which is turned throw-h 
an appreciable angle relative to the preceding one. 
Of these outer loops only one is shown in the figure. 
Each of them coincides very nearly with a piece of 
a Kepler ellipse, and they are connected, as indica‘«d, 
by a series of inner loops of a complicated charac ‘er 
in which the electron approaches the nucleus closcly. 
This holds especially for the orbit with subordinate 
quantum number 1, which, as a closer investigat on 
shows, will approach nearer to the nucleus than «ny 
of the previously bound electrons. 

On account of this penetration into the inner region, 
the strength with which an electron in such an or)it 
is bound to the atom will—in spite of the fact that 
for the most part it moves in a field of force of the 
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same character as that surrounding the hydrogen 
nucleus—be much greater than for an electron in a 
hydrogen atom that moves in an orbit with the same 


principal quantum number, the maximum distance | 


of the electron from the nucleus at the same time 
being considerably less than in such a hydrogen orbit. 
As we shall see, this feature of the binding process 


in atoms with many electrons is of essential importance 
in order to understand the characteristic periodic 


way in which many properties of the elements as‘ 


displayed in the natural system vary with the atomic 
number. 

In the accompanying table (Fig. 9) is given a 
summary of the results concerning the structure of 


T, | 2129 | 313233 | 41424044 | 5152525455 | 16263646566 | 7172 

1H 

2 He 
3Li 2] x 

4 Be 2 2 

5B 2 2(r) 
| = = = 
| 10 Ne 2 44 
| 11 Na 2 44 I 

12 Mg 2 44 2 

13 Al 2 44 21 

18 A 2/44 144 

9K 2] 44 44 I 

oCa 2 44 | 44 2 

Se 2 44 | 441 | (2) 

22 Ti 2 44 442 }(2) 

» Cu 2 44 666/1r 

30 Zn 2 44 666 |2 

31 Ga 2 44 666 |2r 

36 Kr 2 44 666144 

37 Rb 44 666144 

8 Sr 2 44 666144 2 

39 Y 2 44 | 666 |441r (2) 

40 Zr 2 44 666 1442 (2) 

47 Ag 2 44 666 | 666 I 

43Cd J 2] 44 | 666 | 666 2 

49 In 2 44 666 | 666 oe 

54 X 2 44 666 | 666 44 

55 Cs 2 44 666 | 666 44 I 

56 Ba 2 44 666 | 666 44 2 

57 La | 2 44 | 666 | 666 441 (2) 

58Ce f 2] 44 | 666 441 (2) 

59 Pr 2] 44 | 666 |6662| 441 (2) 

71Cp 2 44 666 441 (2) 

72 = 2 44 666 |8888 | 442 (2) 

79 Au 2 44 66618888] 665 I 

80 Hg | 2 44 66618888] 666 2 

2 | 44 | 666 |8888]| 666 21 

86 Em] 2 44 666 |8888 | 666 44 

= 2 44 666 |8888 666 44 I 
88 Ra 2 44 666 |8888 | 666 44 2 
89 Ac J 2 44 666 |8888] 666 441 (2) 
90 Th a 44 666 |8888| 666 442 (2) 
115? 2 44 666 |8888)] 8888 666 44 
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the atoms of the elements to which the author has 
been led by a consideration of successive capture and 
binding of electrons to the atomic nucleus. The 
figures before the different elements are the atomic 
numbers, which give the total number of electrons 
in the neutral atom. The figures in the different 
columns give the number of electrons in orbits corre- 
sponding to the values of the principai and subordinate 
quantum numbers standing at the top. In accordance 
with ordinary usage we will, for the sake of brevity, 


designate an orbit with principal quantum number 
as an n-quantum orbit. The first electron bound in 
each atom moves in an orbit that corresponds to the 
normal state of the hydrogen atom with quantum 
symbol 1,. In the hydrogen atom there is of course 
only one electron ; but we must assume that in the 
atoms of other elements the next electron also will 
be bound in such a 1-quantum orbit of type 1,. As 
the table shows, the following electrons are bound 
in 2-quantum orbits. To begin with, the binding 
will result in a 2, orbit, but later electrons will be 
bound in 2, orbits, until, after binding the first ro 
electrons in the atom, we reach a closed configuration 
of the 2-quantum orbits in which we assume there 
are four orbits of each type. This configuration is 
met for the first time in the neutral neon atom, which 
forms the conclusion of the second period in the 
system of the elements. When we proceed in this 
system, the following electrons are bound in 3-quantum 
orbits, until, after the conclusion of the third period 
of the system, we encounter for the first time, in 
elements of the fourth period, electrons in 4-quantum 
orbits, and so on. 

This picture of atomic structure contains many 
features that were brought forward by the work of 
earlier investigators. Thus the attempt to interpret 
the relations between the elements in the natural 
system by the assumption of a division of the electrons 
into groups goes as far back as the work of J. J. 
Thomson in 1904. Later, this view-point was developed 
chiefly by Kossel (1916), who, moreover, has connected 
such a grouping with the laws that investigations of 
X-ray spectra have brought to light. 

Also G. R. Lewis and I. Langmuir have sought to 
account for the relations between the properties of the 
elements on the basis of a grouping inside the atom. 
These investigators, however, assumed that the 
electrons do not move about the nucleus, but occupy 
positions of equilibrium. In this way, though, no 
closer relation can be reached between the properties 
of the elements and the experimental results concern- 
ing the constituents of the atoms. Statical positions 
of equilibrium for the electrons are in fact not possible 
in cases in which the forces between the electrons 
and the nucleus even approximately obey the laws 
that hold for the attractions and repulsions between 
electrical charges. 

The possibility of an interpretation of the properties 
of the elements on the basis of these latter laws is 
quite characteristic for the picture of atomic structure 
developed by means of the quantum theory. As 
regards this picture, the idea of connecting the group- 
ing with a classification of electron orbits according 
to increasing quantum numbers was suggested by 
Moseley’s discovery of the laws of X-ray spectra, and 
by Sommerfeld’s work on the fine structure of these 
spectra. This has been principally emphasised by 
Vegard, who some years ago in connexion with investi- 
gations of X-ray spectra proposed a grouping of 
electrons in the atoms of the elements, which in many 
ways shows a likeness to that which is given in the 
above table. 

A satisfactory basis for the further development of 
this picture of atomic structure has, however, only 
recently been created by the study of the binding 
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processes of the electrons in the atom, of which we 
have experimental evidence in optical spectra, and 
the characteristic features of which have been elucidated 
principally by the correspondence principle. It is 
here an essential circumstance that the restriction on 
the course of the binding process, which is expressed 
by the presence of electron orbits with higher 
quantum numbers in the normal state of the atom, 
can be naturally connected with the general condition 
for the occurrence of transitions between stationary 
states, formulated in that principle. 

Another essential feature of the theory is the 
influence, on the strength of binding and the dimensions 
of the orbits, of the penetration of the later bound 
electrons into the region of the earlier bound ones, 
of which we have seen an example in the discussion 
of the origin of the potassium spectrum. Indeed, this 
circumstance may be regarded as the essential cause 
of the pronounced periodicity in the properties of 
the elements, in that it implies that the atomic dimen- 
sions and chemical properties of homologous substances 
in the different periods, as, for example, the alkali- 
metals, show a much greater similarity than that 
which might be expected from a direct comparison 
of the orbit of the last electron bound with an 
orbit of the same quantum number in the hydrogen 
atom. 

The increase of the principal quantum number 
which we meet when we proceed in the series of the 
elements, affords also an immediate explanation of 
the characteristic deviations from simple periodicity 
which are exhibited by the natural system and are 
expressed in Fig. 1 by the bracketing of certain series 
of elements in the later periods. The first time such 
a deviation is met with is in the 4th period, and the 
reason for it can be simply illustrated by means of 
our figure of the orbits of the last electron bound in 
the atom of potassium, which is the first element in 
this period. Indeed, in potassium we encounter for 
the first time in the sequence of the elements a case 
in which the principal quantum number of the orbit 
of the last electron bound is, in the normal state of 
the atom, larger than in one of the earlier stages of 
the binding process. The normal state corresponds 
here to a 4, orbit, which, because of the penetration 
into the inner region, corresponds to a much stronger 
binding of the electron than a 4-quantum orbit in 
the hydrogen atom. The binding in question is 
indeed even stronger than for a 2-quantum orbit 
in the hydrogen atom, and is therefore more than 
twice as strong as in the circular 3, orbit which is 
situated completely outside the inner region, and for 
which the strength of the binding differs but little 
from that for a 3-quantum orbit in hydrogen. 

This will not continue to be true, however, when 
we consider the binding of the roth electron in sub- 
stances of higher atomic number, because of the much 
smaller relative difference between the field of force 
outside and inside the region of the first eighteen 
electrons bound. As is shown by the investigation 
of the spark spectrum of calcium, the binding of the 
rgth electron in the 4, orbit is here but little stronger 
than in 3g orbits, and as soon as we reach scandium, 
we must assume that the 3, orbit will represent the 
orbit of the roth electron in the normal state, since 


this type of orbit will correspond to a stronger binding 
than a 4, orbit. While the group of electrons in 
2-quantum orbits has been entirely completed at tlc 
end of the znd period, the development that the group 
of 3-quantum orbits undergoes in the course of the 
3rd period can therefore only be described as a pro- 
visional completion, and, as shown in the table, this 
electron group will, in the bracketed elements of the 
4th period, undergo a stage of further development 
in which electrons are added to it in 3-quantum orbits. 

This development brings in new features, in that 
the development of the electron group with 4-quantum 
orbits comes to a standstill, so to speak, until the 
3-quantum group has reached its final closed form. 
Although we are not yet in a position to account in 
all details for the steps in the gradual development 
of the 3-quantum electron group, still we can say that 
with the help of the quantum theory we see at once 
why it is in the 4th period of the system of the elements 
that there occur for the first time successive elements 
with properties that resemble each other as much 
as the properties of the iron group; indeed, we can 
even understand why these elements show their well- 
known paramagnetic properties. Without further 
reference to the quantum theory, Ladenburg had on 
a previous occasion already suggested the idea of 
relating the chemica] and magnetic properties of these 
elements with the development of an inner electron 
group in the atom. 

I will not enter into many more details, but only 
mention that the peculiarities we meet with in the 
5th period are explained in much the same way as 
those in the 4th period. Thus the properties of the 
bracketed elements in the 5th period as it appears 
in the table, depend on a stage in the development 
of the 4-quantum electron group that is initiated by 
the entrance in the normal state of electrons in 4, orhits. 
In the 6th period, however, we meet new features. 
In this period we encounter not only a stage of the 
development of the electron groups with 5- and 
6-quantum orbits, but also the final completion of 
the development of the 4-quantum electron group, 
which is initiated by the entrance for the first time 
of electron orbits of the 4, type in the normal state 
of the atom. This development finds its characteristic 
expression in the occurrence of the peculiar family 
of elements in the 6th period, known as the rare-earth. 
These show, as we know, a still greater mutual similarity 
in their chemical properties than the elements of the 
iron family. This must be ascribed to the fact that 
we have here to do with the development of an electron 
group that lies deeper in the atom. It is of interest 
to note that the theory can also naturally account 
for the fact that these elements, which resemble 
each other in so many ways, still show great differences 
in their magnetic properties. 

The idea that the occurrence of the rare-earths 
depends on the development of an inner electron 
group has been put forward from different sides. 
Thus it is found in the work of Vegard, and at the 
same time as my own work, it was proposed by bury 
in connexion with considerations of the systematic 
relation between the chemical properties and _ the 
grouping of the electrons inside the atom from the 
point of view of Langmuir’s static atomic model. While 
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until now it has not been possible, however, to give 
any theoretical basis for such a development of an 
inner group, we see that our extension of the quantum 
theory provides us with an unforced explanation. 
Indeed, it is scarcely an exaggeration to say that if 
the existence of the rare-earths had not been established 
oy direct chemical investigation, the occurrence of 


a family of elements of this character within the | 
6th period of the natural system of the elements | 


might have been theoretically predicted. 

When we proceed to the 7th period of the system, 
we meet for the first time with 7-quantum orbits, 
and we shall expect to find within this period features 
that are essentially similar to those in the 6th period, 
in that besides the first stage in the development of 
the 7-quantum orbits, we must expect to encounter 
iurther stages in the development of the group with 
6- or 5-quantum orbits. However, it has not been 
possible directly to confirm this expectation, because 
only a few elements are known in the beginning of 
the 7th period. The latter circumstance may be 
supposed to be intimately connected with the instability 
of atomic nuclei with large charges, which is expressed 
in the prevalent radioactivity among elements with 
high atomic number. 


X-RAY SPECTRA AND ATOMIC CONSTITUTION. 


In the discussion of the conceptions of atomic 
structure we have hitherto placed the emphasis on 
the formation of the atom by successive capture of 
electrons. Our picture would, however, be incomplete 
without some reference to the confirmation of the 
theory afforded by the study of X-ray spectra. Since 
the interruption of Moseley’s fundamental researches 
by his untimely death, the study of these spectra has 
been continued in a most admirable way by Prof. 
Siegbahn in Lund. On the basis of the large amount 
of experimental evidence adduced by him and his 
collaborators, it has been possible recently to give a 
classification of X-ray spectra that allows an immediate 
interpretation on the quantum theory. In the first 
place it has been possible, just as in the case of the 
optical spectra, to represent the frequency of each 
of the X-ray lines as the difference between two out 
of a manifold of spectral terms characteristic of the 
element in question. Next, a direct connexion with 
the atomic theory is obtained by the assumption 
that each of these spectral terms multiplied by Planck’s 
constant is equal to the work which must be done 
on the atom to remove one of its inner electrons. 
In fact, the removal of one of the inner electrons 
from the completed atom may, in accordance with 
the above considerations on the formation of atoms by 
capture of electrons, give rise to transition processes 
by which the place of the electron removed is taken 
by an electron belonging to one of the more loosely 
bound electron groups of the atom, with the result 
that after the transition an electron will be lacking 
in this latter group. 

The X-ray lines may thus be considered as giving 
evidence of stages in a process by which the atom 
undergoes a reorganisation after a disturbance in its 
interior. According to our views on the stability of 
the electronic configuration such a disturbance must 
consist in the total removal of electrons from the atom, 


or at any rate in their transference from normal orbits 
to orbits of higher quantum numbers than those 
belonging to completed groups ; a circumstance which 
is clearly illustrated in the characteristic difference 
between selective absorption in the X-ray region 
and that exhibited in the optical region. 

The classificaticn of the X-ray spectra, to the achieve- 
ment of which the above-mentioned work of Sommer- 
feld and Kossel has contributed materially, has 
recently made it possible, by means of a closer examina- 
tion of the manner in which the terms occurring in 
the X-ray spectra vary with the atomic number, to 
obtain a very direct test of a number of the theoretical 


L, 


Ftomic Numbers 
FIG. 10. 


conclusions as regards the structure of the atom. 
In Fig. ro the abscisse are the atomic numbers and 
the ordinates are proportional to the square roots 
of the spectral terms, while the symbols K, L, M, N, O, 
for the individual terms refer to the characteristic 
discontinuities in the selective absorption of the 
elements for X-rays ; these were originally found by 
Barkla before the discovery of the interference of 
X-rays in crystals had provided a means for the 
closer investigation of X-ray spectra. Although the 
curves generally run very uniformly, they exhibit 
a number of deviations from uniformity which have 
been especially brought to light by the recent investiga- 
tion of Coster, who has for some years worked in 
Siegbahn’s laboratory. 

These deviations, the existence of which was not 
discovered until after the publication of the theory 
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of atomic structure discussed above, correspond 
exactly to what one might expect from this theory. 
At the foot of the figure the vertical lines indicate 
where, according to the theory, we should first expect, 
in the normal state of the atom, the occurrence of m, 
orbits of the type designated. We see how it has 
been possible to connect the occurrence of every 
spectral term with the presence of an electron moving 
in an orbit of a definite type, to the removal of which 
this term is supposed to correspond. That in general 
there corresponds more than one curve to each type 
of orbit mj, is due to a complication in the spectra 
which would lead us too far afield to enter into here, 
and may be attributed to the deviation from the 
previously described simple type of motion of the 
electron arising from the interaction of the different 
electrons within the same group. 

The intervals in the system of the elements, in which 
a further development of an inner electron group 
takes place because of the entrance into the normal 
atom of electron orbits of a certain type, are designated 
in the figure by the horizontal lines, which are drawn 
between the vertical lines to which the quantum 
symbols are affixed. It is clear that such a develop- 
ment of an inner group is everywhere reflected in the 
curves. Particularly the course of the N- and O-curves 
may be regarded as a direct indication of that stage 
in the development of the electron groups with 
4-quantum orbits of which the occurrence of the 
rare-earths bears witness. Although the apparent 
complete absence of a reflection in the X-ray spectra 
of the complicated relationships exhibited by most 
other properties of the elements was the typical and 
important feature of Moseley’s discovery, we can 
recognise, nevertheless, in the light of the progress 
of the last years, an intimate connexion between the 
X-ray spectra and. the general relationships between 
the elements within the natural system. 

Before concluding this lecture I should like to mention 
one further point in which X-ray investigations have 
been of importance for the test of the theory. This 
concerns the properties of the hitherto unknown 
element with atomic number 72. On this question 
opinion has been divided in respect to the conclusions 
that could be drawn from the relationships within the 
periodic table, and in many representations of the 
table a place is left open for this element in the 
rare-earth family. In Julius Thomsen’s representation 
of the natural system, however, this hypothetical 
element was given a position homologous to titanium 
and zirconium in much the same way as in our repre- 
sentation in Fig. 1. Such a relationship must be 
considered as a necessary consequence of the theory 
of atomic structure developed above, and is expressed 
in the table (Fig. 9) by the fact that the electron 
configurations for titanium and zirconium show the 
same sort of resemblances and differences as the 
electron configurations for zirconium and the element 
with atomic number 72. A corresponding view was 
proposed by Bury on the basis of his above-mentioned 
systematic considerations of the connexion between 
the grouping of the electrons in the atom and the 
properties of the elements. 

Recently, however, a communication was published 
by Dauvillier announcing the observation of some 


weak lines in the X-ray spectrum of a preparation 
containing rare-earths. These were ascribed to an 
element with atomic number 72 assumed to be identical 
with an element of the rare-earth family, the existence 
of which in the preparation used had been presumed 
by Urbain many years ago. This conclusion would, 
however, if it could be maintained, place extra- 
ordinarily great, if not unsurmountable, difficulties 
in the way of the theory, since it would claim a change 
in the strength of the binding of the electrons with 
the atomic number which seems incompatible with 
the conditions of the quantum theory. In these 
circumstances Dr. Coster and Prof. Hevesy, who are 
both for the time working in Copenhagen, took up 
a short time ago the problem of testing a preparation 
of zircon-bearing minerals by X-ray spectroscopic 
analysis. These investigators have been able to 
establish the existence in the minerals investigated 
of appreciable quantities of an element with atomic 
number 72, the chemical properties of which show 
a great similarity to those of zirconium and a decided 
difference from those of the rare-earths.* 

I hope that I have succeeded in giving a summary 
of some of the most important results that have been 
attained in recent years in the field of atomic theory, 
and I should like, in concluding, to add a few general 
remarks concerning the view-point from which these 
results may be judged, and particularly concerning 
the question of how far, with these results, it is possible 
to speak of an explanation, in the ordinary sense of 
the word. By a theoretical explanation of natural! 
phenomena we understand in general a classification 
of the observations of a certain domain with the help 
of analogies pertaining to other domains of observa- 
tion, where one presumably has to do with simpler 
phenomena. The most that one can demand of a 
theory is that this classification can be pushed so 
far that it can contribute to the development of the 
field of observation by the prediction of new phenomena. 

When we consider the atomic theory, we are, how- 
ever, in the peculiar position that there can be no 
question of an explanation in this last sense, since 
here we have to do with phenomena which irom the 
very nature of the case are simpler than in any other 
field of observation, where the phenomena are always 
conditioned by the combined action of a large number 
of atoms. We are therefore obliged to be modest 
in our demands and content ourselves with concepts 
which are formal in the sense that they do not provide a 
visual picture of the sort one is accustomed to require 
of the explanations with which natural philosophy 
deals. Bearing this in mind I have sought to convey 
the impression that the results, on the other hand, 
fulfil, at least in some degree, the expectations that 
are entertained of any theory; in fact, I have 
attempted to show how the development of atomic 
theory has contributed to the classification of extensive 
fields of observation, and by its predictions has pointed 
out the way to the completion of this classification. 
It is scarcely necessary, however, to emphasise that the 
theory is yet in a very preliminary stage, and many 
fundamental questions still await solution. 


® For the result of the continued work of Coster and Hevesy with the new 
element, for which they have proposed the name hafnium, the reader may be 
referred to their letters in Nature of January 20, February ro and 24, and 
April 7. 
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Muscular Exercise.' 
By Prof. A. V. Hitt, F.R.S. 


Introduction.—Muscular exercise is a subject in | 
‘ich most people are interested. It is fortunate 
refore that, in this direction, physiology has made 
greater progress into the intimate working of the body | 
han perhaps in any other. The means by which bodily 
yvements are carried out is muscle. Muscle is the | 
meat. There are three kinds of muscles: the 

‘oluntary muscle of the trunk and limbs, governed— 

r at any rate governable—by the conscious wili of 

e individual ; the involuntary muscle of the blood- 
essels, of the alimentary and excretory, the so-called 
‘evetative, system ; and the cardiac or heart muscle, 
the muscle which pumps the blood round the body. 

Muscle from the microscopic point of view is made 
up of a large number of similar thin fibres, about 
.|,, inch in diameter, and made ofa jelly-like substance, 
running more or less parallel to one another. They are 
liberally supplied with minute blood-vessels from which 
they obtain their supplies of oxygen and food. 

The voluntary muscle fibre is long and regular, and 
has obvious and characteristic cross-striations. The 
involuntary muscle fibre is smooth and long, with 
obvious nuclei, and generally occurs in thin sheets. 
It shows no sign of cross-striations. The heart muscle 
is vividly cross-striated, but its fibres are shorter 
and connected physiologically with one another, not 
running regularly in considerable lengths, their direc- 
tions corresponding to the lines in which the walls of 
the heart are required to shorten, in order to expel 
the blood efficiently. 

The voluntary muscle is excited by a voluntary, a 
so-called medullated nerve: the involuntary muscle 
by an involuntary, a non-medullated nerve: the heart 
beats automatically of itself, though its beats can be 
influenced reflexly through two nerves. 

In function the muscles differ very widely from one 
another, The voluntary muscle moves very rapidly, 
indeed in some small animals the rapidity of its response 
is almost incredible—one knows the amazing quickness 
of 2 little bird jumping from twig to twig, but this is 
as nothing compared with the speed with which some 
small insects move their wings, a speed which one can 
detect from the high-pitched note they emit. The 
voluntary muscle is very powerful; it is usually 


* Discourse delivered at the Royal Institution on Friday, February 16. 


“geared up” to increase the quickness of movement 
of the limb to which it is attached; if the flexor 
muscles of the arm of a powerful man were connected 
directly to a heavy load, they could lift a weight of 


| about half a ton. 


The voluntary muscle is very efficient for movements 
of moderate speed: it is very wasteful, however, if 
used to maintain a force for a long time, or if required 
to contract, either very rapidly or very slowly. The 
involuntary muscle, on the other hand, moves only 
very slowly: it takes seconds to perform what a 
voluntary muscle can do in a few tenths or hundredths 


| of a second ; it is very economical, however, in main- 


taining a force for minutes, or hours, for intervals 
maybe thousands of times longer than would be 
enough to produce complete fatigue in a voluntary 


muscle. The heart muscle moves at an intermediate 


speed : in man from 40 to 200 times a minute, depending 
on his health and training and state of exercise: in 


little animals faster, in large animals slower: it beats 
only—it never maintains a contraction—it would, so 
to speak, lift a weight up and down, but it could 
never keep it supported : it is amazingly infatiguable— 
it has a first call on the oxygen of the blood, and it 
can perform the most prodigious athletic feats. 

A muscle’s function is to “contract.” The word 
contraction—drawing together—very well defines the 
activity of muscle: its volume does not alter when 
it contracts: like a piece of elastic it merely draws— 
or attempts to draw—its ends together. The sheaths 
of the muscle fibres are continued as tendons, and 
these tendons are attached to bones, so that when 
the muscle draws together the bones revolve about 
their common joint, and movements are produced. 
In heart muscle, the whole organ, in the form of two 
pumps, with inlet and outlet holes and suitable valves, 
is simply a closed vessel with powerful contractile 
walls which—by their drawing together—expel the 
blood into the arteries and around the body. 

The fibres of voluntary muscle are bound together 
into anatomical and functional bundles—the so-called 
muscles—doing special duties in special ways and in 
special distributions. If a muscle be required to move 
through a long distance its fibres are parallel to the 
length of the muscle and long: if it be required to 
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move only through a short distance, but to exert a 
more powerful pull, its fibres run partly across the length 
of the muscle, they are shorter, and there are more of 
them : length of movement is sacrificed to strength. 
Nervous Control.—The muscles have their activities 
controlled and co-ordinated by the nervous system. 
Partly this co-ordination is conscious and voluntary ; 
mainly, however, it depends upon involuntary reflex 
control. In the body, in addition to the ordinary 
sense-organs is a complex and very important sensory 
system — the proprioceptive system — which deals 
mainly, or only, with the position, translation, and 
rotation of the body, with the stresses and strains in 
the muscles, with the positions and movements of the 
limbs. This system keeps the nervous system informed 
about the movements, passive or active, of the body, 
.and about the strains and stresses, passive or active, 
of the muscles: and when anything happens, with 
amazing rapidity and almost unerring accuracy, the 
appropriate reaction is made, so that the balance or 
the posture is maintained, the integrity of the body is 
safeguarded, and the end in view is reached. Efficiency 
and skill at games, power and economy in violent effort, 
the faculty, in the literal sense, of falling on one’s feet, 
all depend upon these quick, silent, overmastering, and 
generally unconscious reactions, dictated by the nervous 
system on the receipt of urgent messages from tendons, 
joints and muscles, or from the little sense organs 
associated with the ear. 
Skill, power, and economy of muscular effort depend 
upon the effectiveness of these reactions ; partly this 
muscular sense can be acquired, partly it is inborn, 
partly it is conscious or semi-conscious (though always 
inarticulate), partly it is reflex and instinctive: in 
any case it represents a highly developed and a very 
beautiful and important property of the nervous 
system. The instinctive skill, quickness, and economy 
of the gymnast or climber, of the mechanic, airman, 
tennis player, or athlete, depend upon a vivid and 
readily reproducible picture in the brain or nervous 
system, a picture, as Pear puts it, of muscular exercise 
in terms of the sensations which effective and successful 
movements produce. This lecture is intended to deal 
more particularly with quite another aspect of muscular 
exercise. To stress the energetic side of exercise, 
however, without any note on its intellectual and co- 
ordinative side, would give quite a false impression of 
the interest and variety of the subject. 
Energetics.—Let us turn now to what one may call 
the energetics of muscular activity, of the capacity for 
doing work, or producing movement, of the cost of that 
work—of what we call “ efficiency ””—and of the 
conditions which limit that capacity—of what we call 
“ fatigue.” When a muscle contracts it can do work, 


which can be measured in gm. cm., or in ft. |), 
This capacity for doing work seemed to physiologis ; 
to be the primary thing, until it was realised compar. - 
tively lately that force, rather than work, is the fund. - 
mental product of muscle. To maintain a state { 
contraction—even when no work in the mechanic | 
sense is being done, as, for example, in’ pushing 01 
immovable object, or in holding a weight at a fix: 
level—is just as tiring and expensive as actually to «o 
mechanical work. The function of a muscle, therefore, 
is to pass from one state of stress to another state .f 
stress without necessarily altering its length at al’ : 
if its load, or the resistance to its motion, be such th.t 
the muscle can shorten when its tension rises, it wll 
of course do work in the mechanical sense : if, howev:r, 
it maintain its state of tension without shortening at 
all, it will, none the less, require energy and become 
fatigued. Indeed, one knows that the most fatiguing 
exercise is to hold something, say at arm’s lengih, 
without moving it up or down, without therefore 
doing any work at all in the mechanical sense. 

Isolated Muscle.— Fortunately, for physiolovy, 
muscles «an be isolated, and made to continue their 
function of contracting for days after removal from 
the body. It is easy to keep a frog’s isolated musvle 
alive, in the sense at any rate that it will react to a 
stimulus, for many days. Moreover,-the chief function 
of a muscle, indeed in a cold-blooded animal the only 
function, is simple and easy to detect and measure : 
the function of movement, of maintaining a posture, 
of exerting a force, is so extremely important to the 
animal that a very large proportion gf its body has 
been devoted to this single highly differentiated 
purpose. Fortunately also it is easy to apply an 
artificial stimulus to a muscle, the electric shock, 
which produces no injurious effects and leaves the 
muscle ready to react again in a similar way a large 
number of times. A single sharp burst of electric 
current excites the muscle fibre to give the simplest 
and most fundamental unit of physiological response, 
the muscle twitch. In a twitch the tension rises, 
attains a maximum, and then falls again to zero, he 
whole cycle occupying anything from a small fract on 
of a second up to several seconds, depending upon ‘he 
nature and condition of the muscle. 

Now, in a voluntary muscle it is often—ind ed 
almost always—necessary to maintain a force, or to 
exert a pull, for a finite and determinate time, 1ot 
simply to give a tug and have done: and in si ch 
muscle this continuous pull can be produced b. a 
rapid succession of stimuli each occurring before he 
effect of the previous one has passed off. One’s on 
muscles do not appear to be obviously unsteady wi ¢n 


-exerting a voluntary effort: it can easily be sho’ n, 
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however, by a delicate electrical device that 40 to 50 
obvious vibrations per second occur in them, and that 
they are really reacting discontinuously to a rapid 
stream of stimuli: even the shortest voluntary con- 
traction of which the human muscles are capable is 
jue to a volley of impulses shot at it, along the nerves, 
yy the brain. Each separate unit of effort, however, 
vhich goes to make up the complete contraction is ex- 
pensive—each requires energy just as each stroke with a 
pump requires energy. It is obvious, therefore, why the 
»aintenance of contraction is expensive and fatiguing. 

Fatigue.—Nearly all the recent and important 
advances in muscle physiology have resulted from a 
study of the phenomena of fatigue. We all know that 
there is a limit to muscular exertion, a limit which is 
set by what we call fatigue. If an able-bodied man 
take exercise at a very small rate, e.g. by walking, he 
remains comparatively untired for long periods: if he 
takes exercise more violently he becomes tired more 
quickly : if he exerts himself with the extreme effort 
oi which he is capable, he is completely exhausted in 
less than a minute. There are many different kinds 
oi fatigue, but the one we are discussing now, from the 
study of which so much light has been shed on the 
nature of muscles, is the extreme athletic fatigue which 
results rapidly from very violent effort. By it the 
finest athlete in the world may be overcome within a 
minute. It is a simple and comparatively intelligible 
thing. We can reproduce it readily in isolated muscle, 
deprived of its circulation. Let us subject an isolated 
frog’s muscle, every second or two, to an electric shock, 
and record its contraction: we find that the response 
changes in a regular and progressive way, the force 
exerted becoming less, the contraction being developed 
rather more slowly and continuing much longer, 
relaxation being much drawn out. Finally, the muscle 
becomes inexcitable. Now in the intact animal, in 
man, we know that even extreme fatigue is rapidly 
recovered from, and this recovery is attributed to the 
circulation. If the circulation be hindered by a 
cramped position recovery is slower. If the fatigued 
isolated muscle be left in a chamber free of oxygen, no 
sign of recovery occurs: if, however, it be left in 
oxygen, in a few hours complete recovery will take 
place, and the muscle will now be capable of repeating 
its previous effort. 

The realisation, especially by Fletcher about twenty- 
five years ago, of the extreme importance of this 
observation led directly to the most striking advances 
in our knowledge of the working of muscle. Recovery 
from fatigue is possible only in the presence of oxygen, 
and it was natural to suppose that the oxygen was 
used to oxidise some waste product, the presence of 
which acted unfavourably on the muscle. The next 


great step was due again in part to Fletcher, this time 
in co-operation with Hopkins. Lactic acid was known 
to occur in muscle, and Fletcher and Hopkins found the 
lactic acid to be increased by exercise, and diminished 
or abolished by recovery in the presence of oxygen. 
Furthermore, there appeared to be a certain definite 
maximum, beyond which the lactic acid content of 
the muscle could not be driven, even by the most 
vigorous stimulation : clearly this corresponded to the 
maximum effort a muscle could make. What was the 
function of this lactic acid, was it indeed to be the 
keystone of the bridge which physiologists were 
building from physics and chemistry on one hand to 
muscular activity on the other ? 

Heat-production.—Muscles, in activity, give out 
heat. External mechanical work is produced by the 
muscle with an efficiency of only about 25 per cent. 
Hence for every 25 ft. lb. of energy turned into external 
mechanical work at least 75 ft. lb. are degraded into 
heat inside the body. In a maintained contraction, 
in which no actual work is done, all the energy used 
is turned into heat: while in such movements as 
running, the energy is indeed turned in part into 
kinetic energy, which, however, is chiefly reabsorbed 
into the body as heat, owing to the jolts and jerks 
and rapid movements of the limbs, just as the energy 
of a motor car on a bumpy road is absorbed largely 
as heat in the tyres. In a single muscle twitch the 
rise of temperature is only about 0-003° C., and if one 
wishes to measure to 1 per cent.—and for some purposes 
one must measure to o-r per cent.—it is necessary to 
read to the nearest 0-00003° C. This can, however, be 
done, and with the wonderful electrical measuring 
instruments now available it has become comparatively 
easy. It is worth doing, because the heat accompanies, 
and is a measure of, the chemical processes occurring 
in muscular activity, and its production can be followed 
continuously, and so made to give us the time course 
of those chemical processes. 

If the electrical record of the thermal response of 
the muscle to stimulation be carefully analysed, it is 
found that the heat-production is by no means simple 
in its time relations. In the first place, if the muscle 
be in oxygen, there is an evolution of heat lasting for 
many minutes after the contraction is over: and this 
evolution of heat is not small, but actually larger in 
total extent than the heat which occurs early in 
the contraction. In the absence of oxygen this 
delayed heat almost disappears. Clearly it is some- 
how connected with the recovery process Fletcher had 
noticed in an exhausted muscle, which we all know 
in our own bodies; it is accompanied, as Fletcher 
and Hopkins had shown, by a disappearance of lactic 
acid. The recovery heat-production occurs more 
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rapidly at a higher pressure of oxygen. This agrees 
with what we know of recovery from exertion, or 
exhaustion, in man: breathing pure oxygen, instead 
of air, enormously increases its speed and complete- 
ness. Moreover, the magnitude of the recovery heat- 
production told one what happened to the lactic acid 
in recovery. One knew how much lactic acid was 
produced in a given contraction ; one knew, therefore, 
how much lactic acid was removed in the complete 
recovery from that contraction : if it were all oxidised 
the heat evolved could be calculated: actually the 
amount observed is only about 1/6th of the amount 
calculated : hence the lactic acid removed in recovery, 
or at any rate its chief part, is not removed by oxidation, 
but in some other way. 

Apart from this delayed heat-production associated 
with recovery, one might have expected the rest of 
the heat to be given out rapidly, more or less ex- 
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Fic. 1.—Electromagnetic analogy to the working of muscle. 


plosively, at the commencement of contraction. Con- 
traction has been likened to the explosion of a cartridge: 
the muscle suddenly gives out heat and develops force. 
This force, however, represents a state of elastic 
potential energy in the muscle, and when the muscle 
relaxes this potential energy disappears, and we should 
expect it to reappear as heat. Actually the analysis 
of the heat-production in the single twitch shows that 
about 60 per cent. of it is evolved in the initial process 
of setting up the contraction, 4o per cent. of it in the 
final stage of relaxation. If the contraction be pro- 
longed, there is in addition a prolonged evolution of 
heat, lasting as long as the contraction, the rate of heat- 
production being proportional to the force maintained. 

There are, therefore, four phases in the heat-produc- 
tion of muscle, corresponding (1) to the development, 
(2) to the maintenance, and (3) to the disappearance of 
the response, and finally (4) to recovery therefrom. A 
simple physical picture of the system is given (Fig. 1) by 
an electromagnet, pulling on a piece of iron attached to 
a spring: a key: a battery: and a dynamo (driven by a 


combustion engine of some kind) to recharge the latter. 
Energy is consumed in setting up the pull of th: 
electromagnet, energy is being consumed all the time 
in maintaining the pull, energy—the potential energy 
of the magnetic field and the spring—is liberated when 
the current is broken, and energy is used in recharging 
the battery. 

This picture has recently been given a more concrete 
chemical form. In contraction the lactic acid come: 
from glycogen ; in recovery the lactic acid is restored 
as the glycogen from which it came, apart from a smal! 
proportion—about 4th—which is oxidised to provid: 
energy for the restoration. In the setting up of th: 
contraction, therefore, lactic acid is liberated ; in 
relaxation it is neutralised: it somehow produces the 
mechanical response by the action of its acidic part 
upon the structural protein elements of the muscl. 
fibre. Protein is a weak acid at the hydrogen ion 
concentration of the body, and the structural elements 
of the muscle are in effect highly ionised sodium (or 
potassium) salts of protein. These structures therefor: 
have a negative electric charge, all along their length, 
each element of the structure repelling every other 
element. The localised production of lactic acid 
causes the formation of sodium (or potassium) lactate, 
and of undissociated protein acid : the protein structure 
is discharged electrically: its elements cease to repel 
each other, and shortening occurs. It is well known 
that if the surface charge of mercury, in contact wit), 
sulphuric acid, be changed by conduction from outside, 
there results a change of surface tension, and so a 
movement of the mercury. This principle is utilised 
in the capillary electrometer, and would seem to have 
been employed by Nature in the muscle. The heat 
associated with contraction is due to the chemical 
formation of lactic acid from glycogen. As _ soon, 
however, as the lactic acid is free it is neutralised 
by the alkalies of the muscle, and relaxation sets 
in, the heat produced in relaxation being due to the 
chemical process of neutralisation. To maintain 
contraction therefore requires a balance between tlic 
rate at which lactic acid is produced and the rate «t 
which it is neutralised. Finally, in recovery, the 
neutralised lactic acid is slowly removed and restore:, 
by the working of some unknown recovery mechanism), 
by which 5 parts of it are restored, and 1 part oxidise! 
to supply the necessary energy. 

Exercise in Man.—Our knowledge of the nature 0! 
muscular work in man has been derived largely from 
a study of the amount of oxygen used, and the various 
characteristics and time-relations of the oxygen suppl. 
The subject of the experiment carries a large bag on 
his back (Fig. 2) and by means of a mouthpiece con- 
taining two valves, and a pipe and tap, he can breat!e 
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in fresh air from the outside atmosphere and expire 
it all automatically into the bag. A sample of the 
expired air can be collected for any desired interval. 
An analysis of it, a measurement of its volume, and 
a knowledge of the composition of the inspired air, 
allow a determination of the oxygen taken in and the 


Fic. 2.—Bag, pipe, tap, valves, and mouthpiece used to investigate 
the gaseous exchanges of man during running. 


carbon dioxide produced. From these the amount of | 
energy used by the man during the period in question 
can be calculated. A point immediately brought out 
is (as in the isolated muscle) that the oxygen must be 
regarded, not as being used during the actual exercise 
itself, but in recovery, each element of the oxygen 
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Fic. 3.—Oxygen intake in recovery after exercise : exercise 
ends at time o, 


consumption corresponding to recovery from a previous 
element of the exercise (Fig. 3). 

Many kinds of exercise have been investigated, for 
example bicycling, swimming, climbing, walking, 
running, ski-ing, and skating, and even the laborious 
process of pushing a motor bicycle up a hill! The 


two main types of muscular exercise are: (a) very 
violent exercise lasting for a short time, and (b) 
prolonged exercise of a more moderate kind. 

Violent Exercise.—Let us take first the case of very 
severe exercise, for example, that of a man running 
1oo yards at top speed. The first personal impression 
which one forms of such severe exercise is that 
immediately after it, and often for a comparatively 
long time after it, panting occurs. The oxygen taken 
in is used almost entirely in recovery. In one experi- 
ment a good runner ran 225 yards in 232 seconds, and 
in the succeeding quarter of an hour recovered from 
his effort and used an extra 8} litres of oxygen in so 
doing. Such exercise, if it could be continued in- 
definitely, would require about 22 litres of oxygen 
every minute, but from other experiments the subject 
is known to be incapable of taking in more than about 
4 litres per minute. Hence, during the most violent 
effort of which he was capable, he was using energy at 
about 54 times the rate that would have been possible 
had it been necessary for him to depend upon a con- 
temporary supply of oxygen. 

The “ record ” is held by a man of 46, who by means 
of a rapid quarter-of-a-mile run, followed by violent 
gymnastic exercise for 30 seconds, succeeded in making 
himself so exhausted that 13} litres of oxygen had to 
be used in recovery. This amount of oxygen would 
have maintained him quietly in bed for about an hour ! 
It is clear that the body can get energy “on credit,” 
which it has to repay after the exercise is over, by 
taking in later an extra amount of oxygen. It acts in 
the same manner as an accumulator, which can be run 
down at a very high rate for a short time and recharged 
afterwards. The discharge process is the formation of 
lactic acid from glycogen : in recovery this is reversed, 
the energy for the reversal being provided by com- 
bustion. The maximum lactic acid production in the 
muscle determines the limits of exercise, and the 
magnitude of the “‘ maximum oxygen debt.” 

Prolonged Exercise.—Let us now discuss the case 
of exercise continued for a long time. By the most 
extreme effort of the respiratory system, a healthy 
man can take in about 4 litres of oxygen every minute. 
Consider, then, the case of a man taking exercise for a 
long time, say for an hour, during which time he will 
take in and use anything from 150 to 240 litres of 
oxygen. An oxygen “credit” even of 13} litres is 
only a small fraction of the oxygen which he can 
actually take in during the hour of exercise. 


‘ 


Hence, 
he is limited in such types of exercise, not by the 
magnitude of the “ debt ” to which the body can submit, 
not, that is to say, by the lactic acid maximum of his 
muscles, but chiefly by the maximum rate at which he 
can take in oxygen. The oxygen is brought to the 
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lungs by the movements of respiration, thence diffuses 
through the lungs into the blood, which is pumped 
round the body to the active limbs and muscles. The 
amount of oxygen, however, which can be carried by 
the blood is comparatively small, namely, only about 
}th of its total volume. 

The efficiency of the mechanism by which the oxygen 
is carried round in the circulating blood depends very 
largely on the efficiency and capacity of the heart. 
For prolonged vigorous exercise a powerful and efficient 
heart is essential. If, however, the lungs be too small 
the oxygen pressure in them will fall too rapidly when 
a given amount of oxygen is carried away by the blood, 
and the smaller the lungs the shorter will be the time 
(for a given blood-flow) during which each drop of blood 
lingers in them in contact with the air. The smaller 
the lungs, therefore, the less opportunity will the blood 
have of collecting its required oxygen: the smaller the 
lungs and the less efficient their ventilation, the lower 
will be the pressure of oxygen in the arterial blood. 

Now the heart is an extremely vigorous and hard- 
working organ, and it has the first call upon the oxygen 
which is carried by the blood. The coronary artery 
takes blood directly from the aorta, and carries it 
round the heart muscle itself. If the lungs be small, or 
their ventilation inadequate, or their walls too im- 
permeable, the pressure of oxygen in the arterial blood 
will begin to fall; consequently the heart itself will 
get a lower pressure of oxygen—it will slow up or give 
a less effective beat, the blood-flow will be slowed, and 
the oxygen pressure in the blood will rise again to 
another higher value. Thus a balance will be reached 
in which each unit in the double mechanism is working 
at its limiting capacity, and one will find in athletes, 
who are capable of long-continued effort, that there is 
a combination of (a) a vigorous and efficient heart, 
and (b) capacious lungs capable of rapid and extensive 
ventilation. 

A vigorous output of blood by the heart requires a 
vigorous return of blood to the heart. On the venous 
side of the small capillaries which feed the muscles 
with oxygen, there is little pressure left to drive the 
blood along to the heart. In the veins, therefore, the 
flow of blood is largely determined by the activity 
and movements of the body. The veins are provided 
with valves, and the alternating movements of the 
limbs and muscles help to pump the blood along the 
veins, If the body be rigid the arteries and capillaries 
are constrained and the blood-flow is hindered, while the 
veins get none of the rhythmic changes of pressure 
which tend to pump the blood along them, and so they 
fail to supply the heart with blood. Such exercise as 
holding oneself up with arms bent, in a gymnasium, on 
a pair of rings, is not in itself violent, and would not, 


if it could be continued, require an amount of oxyge 
comparable with running, even at so slow a pace as 
eight miles an hour. In such exercise, however, an 
extremely violent contraction in the very muscle thit 
requires the energy almost entirely prevents the supply 
of blood to it, no oxygen is received, lactic acid rapidly 
accumulates, and exhaustion sets in. 

Similarly, in such types as rowing, in which part of 
the body is in a state of stress during a large part of tlic 
time and the rhythmic movements are relatively slow, 
the supply of oxygen is more difficult. Consequent|y 
rowing appears to strain the heart more often than 
other kinds of athletic effort. For an easy and vigorous 
circulation no exercise seems to compare with runnin, 
on the flat ; here the movements are very rapid and 
the muscles are rigid during only a fraction of each 
cycle ; consequently the blood can run through very 
easily, and it gets helped along in the veins by the 
jolts and jerks and shakes which the body receives, 
and by the rapid rhythmic pressures which are applicd 
to the veins by the movements of the limbs. Thus 
from the point of view of taking as much exercise in 
a given time, with as little strain on the heart as 
possible, running is probably superior in type to any 
kind of exercise. 

The function of the heart in exercise is so important 
that a vivid appreciation is desirable of the extra- 
ordinary tasks it sometimes undertakes. A subject of 
114 stone weight succeeded in taking in about 4:2 
litres of oxygen in a minute, while running round a 
track at about 9 miles per hour carrying a bag and 
breathing through valves and mouth-piece. Now the 
amount of oxygen which the blood can take in and give 
out, as it circulates once through the body, is certainly 
not more than about }th of its own volume. Hence at 
least 7 times 4'2 litres of blood per minute, 7.e. about 
30 litres, were circulating round his body during this 
experiment. The largest water-tap in an ordinary 
house has an output which is poor when compared 
with that of a human heart. It is little wonder that 
the heart goes wrong sometimes : the wonder is that this 
happens relatively so seldom. 

An Example from Athletics.—The way in which ‘he 
capacity of the body for exercise depends upon the 
supply of oxygen, actual or potential, can be illustra‘ ed 
by an example from athletics. A certain subjec‘ is 
capable of taking in about 4°2 litres of oxygen »er 
minute; let us assume that his maximum oxy en 
credit is 13°2 litres, as found by Lupton in anot ver 
subject. Suppose that at the end of a race his oxy en 
supply, actual or potential, is completely exhausied. 
Then clearly if he runs for a minute he has (4°2 + 13°2)= 
17°4 litres to spend altogether: if he runs for iwo 
minutes (2 x 4°2 + 13°2)=21°6 litres altogether, or 10°8 
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litres per minute: if for five minutes, 34°2 litres 
altogether, or 6’8 litres per minute. The reason why he 
can run faster in a short race than in a long one is that 
his average rate of expenditure of oxygen can be higher. 
Now the following table gives the best performances, 
it various flat distances, of this subject, together with 
alculations therefrom, on the above assumptions : 


Distance. ¢mile.| 4 mile. + mile. I mile. 2 miles. 
Time . .. . | 2m. 35S. | 4M. 45s. | IO m. 30s. 
Average speed, 
metres per min.| 455 419 392 339 306 


xygen avail- 
able in this time 


17 18-6 21°8 57°3 
xygen require- 
ment per min. 
at this spee 


If, therefore, the maximum rate at which a fit man 
can run a given distance does depend only upon the 
amount of oxygen he can obtain (a) out of income 


2} & 

& & 


SPEED METRES PER MOTE 


300 


FiG, 4-—Oxygen requirement per minute for running at different speeds : 
calculated from the data in the previous Table. 


through the lungs and circulation, and (4) on credit, 
then, knowing the maximum intake and the maximum 
credit, one can calculate the requirement at the different 
speeds. Running at 306 metres per minute, apparently 
about 5*5 litres of oxygen per minute were required ; 
at high speeds much more ; at the highest speeds enor- 
mously more (Fig. 4). 

It is instructive therefore to inquire, by direct 
experiment, whether the oxygen requirement of running 
really has the value we have calculated, whether it 
really rises so rapidly as the speed of running is in- 
creased. The oxygen can be measured as before. It 
is necessary to take into account not only the oxygen 
actually taken in, but also the increase in the oxygen 
debt during the period of running. The subject stands 
a. rest and measures his resting oxygen consumption ; 
he runs roo yards at the required speed ; during the 
‘un and in the following fifteen minutes his oxygen 
ntake is measured ; from this is subtracted the oxygen 


he would have used had he remained at rest the whole 
time ; the remainder is the oxygen consumption due 
to the exercise, during and in complete recovery from 
it. The result is exactly as shown in the figure: the 
measured oxygen requirement rises continuously as the 
speed is increased, attaining enormous values at the 
highest speeds. Hence we may conclude that the 
maximum time for which an effort of given severity 
can be maintained is determined mainly by considera- 
tions of the oxygen supply, actual or potential, to the 
active muscles. 

Economy of Movement.—This leads us to the 
important practical question of what is called the 
“ efficiency”’ of movement. Clearly if a given move- 
ment can be carried out more economically, 7.e. at the 
expense of less energy, then less oxygen will be required 
for it, and its maximum duration can be increased. 
It seems probable that the difference between a good 
long-distance runner and a bad one may often be due, 
not to the fact that the good runner has a more effective 
mechanism for supplying his muscles with oxygen, but 
rather to the fact that he carries out his movements 
with greater economy. In any category of muscular 
effort the unpractised person will use inappropriate 
muscles and movements, or will use the appropriate 
muscles with an inappropriate force or rhythm. Some 
people’s nervous systems are naturally athletic: the 
pictures they form of muscular movement, in terms 
of the sensations which it gives them, are clear, vivid, 
and sharp: they realise easily, from its subjective 
aspects, the most economical, the most effective, and 
the most convenient manner in which to employ and 
co-ordinate their various muscles, both in the power, 
the phase, and the rhythm of their several re- 
sponses. Other people are clumsy, ineffective, and 
uneconomical. 

If the timing of the valves of a motor, or the timing 
of the spark, be wrong, or if the valve clearance be not 
correct, the efficiency drops; so it is in an animal: 
if the muscles do not react with one another in the 
right phase, with exactly the requisite force, and in 
the appropriate rhythm, the movement becomes un- 
economical. This economy of effort can, in part, be 
taught: but just as all the practice in the world will 
not turn some quite intelligent people into mathe- 
maticians, so all the practice in the world may never 
turn some quite powerful and well-developed people 
into first-class athletes. Training and practice are 
essential, but they can only build on an aptitude 
already there. Ifa subject use his muscles uneconomic- 
ally, ifi—so to speak—the timing and clearance of his 
valves be wrong, he will need an excessive supply of 
oxygen. Consequently he will be an ineffective athlete, 
or an ineffective workman : he is uneconomical, Athletic 
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prowess depends not only upon a large oxygen supply, 
but upon a low oxygen requirement. 
Mechanical Efficiency.—Finally, let us consider the 


“‘ mechanical efficiency ” of muscular movement in its - 


more technical sense, of work done divided by energy 
utilised in doing it. The mechanical efficiency of a 
steam engine may be from 5 per cent. to 20 per cent. : 
of a gas engine it may be higher, say up to 3o per cent. 
In man, the mechanical efficiency of muscular move- 
ment may be as high as 25 per cent.; the remaining 
75 per cent. loss of energy is a serious thing: to what 
isitdue? It seemed, from the purely physico-chemical 
point of view, that an efficiency of 100 per cent. was 
conceivable: the free energy of the oxidation of food- 
stuffs is very large. We know, however, that the body 
has been organised so that it can go on for a while 
without sufficient oxygen ; it is like an accumulator : 
it can be discharged and then recharged: it can run 
into debt for oxygen, and pay off its debt afterwards. 
If an animal like man were forced to live within 
his “ oxygen-income,” and were able only to make 
efforts which were possible on his contemporary 
oxygen supply, he would be a very feeble creature : 
only about 4th as energetic (for short-lived effort) as 
he actually is. Moreover, oxidation in the body is 
a very slow thing ; it takes minutes to complete, and 
it would be a disadvantage to take three minutes over 
every muscular movement. Hence the mechanism of 
the muscle has been evolved and differentiated on a 
different plan: oxidation is not the chemical reaction 
which directly and immediately provides the mechanical 
energy of the muscle : the actual process which produces 
the mechanical energy appears to be some kind of 
explosive transformation of a glucose di-phosphoric 
ester into lactic acid, and the subsequent physical or 
physico-chemical reaction of this lactic acid with the 
protein structures of the muscle. In recovery the 
lactic acid is restored, about $th of it, to the precursor 
from which it came, the remaining 4th (or its equivalent 
amount of glycogen) being oxidised to provide the 
energy for the reversal. Mechanical energy is liberated 
only in the first stage, which appears to have a very 
high “efficiency ”’—probably about 100 per cent. In the 
recovery stage, however, 150 units of heat are liberated 
by oxidation for every roo units in the initial stage, 
and this reduces the efficiency of the whole cycle to 
about 100/250, 7.e. to about 40 per cent. Apparently, 
therefore, a big reduction in efficiency is effected simply 
by taking proper account of the recovery process, and 
is due to the need the animal often experiences of 
taking violent exercise, so to speak, “ on credit.” 
Even so, however, 40 per cent is far higher than 
the efficiency actually found in man: the remaining 


reduction of efficiency is due to two other factors : (a) tv 
the rapidity of the usual type of muscular movement, 
and to consequent frictional loss inside the muscle 

and (5) to the physiological effort associated wit! 
maintaining a contraction. 

With regard to (a), muscle is made up of a viscous 
material, not unlike egg-white or treacle, with a fin: 
network of membranes, fibres, and tubes throughou 
it: the joints, the tendons, the connective tissue, the 
bloed-vessels and the blood within them, are similar], 
of a viscous nature. Now, when a viscous fluid is 
forced to flow, mechanical energy is wasted and turned 
into heat: the faster it is made to flow, the more energy 
is degraded. But when a muscle changes its form, and 
produces a movement in a limb, the tissues have all to 
fall into a new form, viscous fluid has to flow into « 
new disposition, energy is degraded into heat: and in 
the more rapid movement we should expect more 
energy to be wasted. Experiment amply confirms thi: 
expectation : the frictional loss is greater, the greate: 
be the speed of movement. This explains why it is so 
laborious to pedal a bicycle on too low a gear, and wh 
very rapid running requires such an enormous amount 
of energy. In both cases the external resistance may 
be small or negligible. The internal resistance, however, 
is large, and increases directly as the speed of movement, 
until finally a limit is reached at which no further 
increase in speed is possible ; every muscle fibre is then 
working to its physiological limit of speed and power, 
merely in overcoming its own internal resistance. 

With regard to (b), just as it is inefficient and tiring 
to move our limbs too rapidly, or on too low a gear, so 
also it is inefficient and tiring to move them too slowly, 
or on too high‘a gear. This simple observation gives 
us the clue to the third and final reason why the 
efficiency of muscular contraction is relatively so low : 
a contraction which continues too long requires energy 
to maintain it, as well as energy to set it up, and from 
the point of view of doing external work the maintenan: 
of contraction is ineffective. Experiments were mae 
in which the heat produced by a muscle was determin 
as a function of the duration of the stimulus excitir: 
its contraction. After an initial outburst of ener.y 
associated with setting up the contraction, the hea‘ 
production increases uniformly as the duration of the 
stimulus is increased. Hence we see why slow an 
prolonged movements are inefficient: a large an 
unnecessary part of the energy is used in maintaining 
the contraction. This is the phenomenon we all know 
in our own bodies: to attempt to lift a thing which 's 
too heavy for us to move is more tiring than actual! y 
to lift a thing we can move, even though no work at «'! 
—in the mechanical sense—be done in the former cas-. 
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Bertram Blount.) Demy 8vo. Pp. xiv+136. (London, 
Bombay and Sydney: Constable and Co., Ltd., 1923.) 
12s. 6d. net.* 

Damiens, A. Les Isotopes. Roy. 8vo. Pp. ix +118. 
(Paris: Gauthier-Villars et Cie, 1923.) 12 francs.* 

Department of Glass Technology : The University, 
Sheffield. Experimental Researches and Reports. Vol. 5, 
1922. Ex. Cr. 8vo. Pp. 138. (Sheffield: The Uni- 
versity, 1923.)* 

Department of Scientific and Industrial Research : 
Fuel Research Board. Technical Paper No. 6: Com- 
parisons of some Methods of Running Water-Gas Plant ; 
a Record of Experiments at H.M. Fuel Research Station. 
By James G. King and J. Fraser Shaw. Roy. 8vo. 
Pp. iv+31. (London: H.M. Stationery Office, 1923.) 
2s. net.* 


Doemens, Dr. Tabellen zur Malz- und Bieranalyse 
2 Auflage. Pp. 12. (Miinchen und Berlin: R. Olden 
bourg, 1923.) Grundzahl: 0.80 marks. 

Evans, Ulick R. Metals and Metallic Compound: 
In 4 vols. Demy 8vo. Vol. 3: The Transition Elements 
Pp. xii+270. 14s. net. Vol. 4: Metals of the “B’ 
Groups. Pp. xii+350. 18s. net. (London: E. Arnok 
and Co., 1923.)* 

Fromm, Emil. Einfiihrung in die Chemie de 
Kohlenstoffverbindungen (Organische Chemie) : ein Leh: 
buch fiir Anfanger. Vierte, verbesserte Auflage. P| 
viili+262. (Leipzig und Wien: F. Deuticke, 1923. 
Grundzahl: to marks. 

Heuser, Emil. Lehrbuch der Cellulosechemie: fii: 
Studierende an technischen Hochschulen und Universi- 
taten sowie fiir Cellulose-Fachleute. 2 Auflage. Pp. 211 
(Berlin : Gebriider Borntraeger, 1923.) 

Holmes, H. N. General Chemistry. Demy 8vo 
Pp. xi+558. (New York: The Macmillan Co. ; London : 
Macmillan and Co., Ltd., 1923.) 16s. net. 

Joel, Ernst. Klinische Kolloidchemie. Mit einem 
Geleitwort von K. Spiro. Pp. 124. (Dresden und Leip 
zig: T. Steinkopff, 1923.) 2s. 2d. 

Jones, Harry C. Trattato di chimica fisica. Seconda 
edizione italiana a cura di Michele Giua. Roy. 8v 
Pp. xxiili+731. (Milano: Ulrico Hoepli, 1923.) 56 lire. 

Kopaczewski, W. Théorie et pratique des colloides 
en biologie et en médecine. Pp. 308. (Paris: Vigo! 
fréres, 1923.) 25 francs. 

Leslie, E. H. Motor Fuels: their Production and 
Technology. Pp. 681. (New York: The Chemical Catalo: 
Co., Inc., 1923.) 7 dollars. 

Liévin. Les Solutions alcalines d’iode. 8vo. Pp. 14, 
(Paris: J. Hermann, 1923.) 

Lowson, W. Supplementary Notes on Gravimetri: 
Analysis for Beginners. Cr. 8vo. Pp. vi+58. (London: 
Longmans, Green and Co., 1923.) 2s. 6d.* 

Margosches, B. M., und Fuchs, W., Herausgegebe 
von. Uber Naturprodukte: Chemische Abhandlungen zur 
Kenntnis und Verwertung verschiedener Naturproduktc. 
Festschrift zum 70 Geburtstage Max Honig von Facli- 
genossen, Freunden und Schiilern gewidmet. Large 8vo. 
Pp. x+181. (Dresden und Leipzig: T. Steinkopff, 1923.) 
Grundzahl: 5.5 marks. 

Martin, Geoffrey. Practical Chemistry. Second 
impression. Cr. 8vo. Pp. 144. (London: C. Lockwood 
and Son, 1923.) 2s. 6d. net. 

Nernst, Walter. Theoretical Chemistry from tlic 
Standpoint of Avogadro’s Rule and Thermodynamics. 
Revised in accordance with the eighth-tenth German 
edition by L. W. Codd. Demy 8vo. Pp. xx+922. 
(London: Macmillan and Co., Ltd., 1923.) 28s. net.* 

Oppenheimer, Carl. Kurzes Lehrbuch der Chemic 
in Natur und Wirtschaft. Nebst einer Einfiihrung in 
die allgemeine Chemie von Johann Matula. (Leipzig: 
G. Thieme, 1923.) 

Ostwald, Wolfgang. An Introduction to Theoretical 
and Applied Colloid Chemistry: ‘‘ The World of Neglected 
Dimensions.’’ Authorised translation from the eighth 
German edition by M. H. Fischer. Second and enlarged 
American edition. Med. 8vo. Pp. xiii+266. (New 
York: J. Wiley and Sons, Inc. ; London: Chapman and 
Hall, Ltd., 1923.) 12s. 6d. net.* 

Pollitt, Alan A. The Causes and Prevention of Cor- 
rosion. Cr. 4to. Pp. 230. (London: Ernest Benn, 
Ltd., 1923.) 25s. net.* 

Pope, Sir William J. Matter and Energy: being 
the Watt Anniversary Lecture for 1923, delivered befure 
the Greenock Philosophical Society on January (2, 
1923. Demy 8vo. Pp. 29. (Greenock: The Society, 
9 Margaret Street, 1923.) 

Poucher, William A. Perfumes and Cosmetics: 
with Especial Reference to Synthetics. Demy 8vo. !'p. 
xi +462 +47 plates. (London: Chapman and Hall, Lt1., 
1923.) net.* 

Roth, Walther A., und Scheel, Karl, Herausgegel en 
von. Konstanten der Atomphysik. Unter besonderer 
Mitwirkung von E. Regener. Imp. 8vo. Pp. 1°}. 
(Berlin: J. Springer, 1923.) 8s. 4d.* 

Sabatier, Paul. Catalysis in Organic Chemist y. 
Translated by E. Emmet Reid. Med. 8vo. Pp. xxiv +400. 
(London: The Library Press, Ltd., 1923.) 25s. net.* 
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Scheithauer, W. Shale Oils and Tars and their 


Products. Translated from the German. Second edition, 
revised and enlarged, by H. B. Stocks. Pp. vii +283. 
(London : Scott, Greenwood and Son, 1923.) 12s. 6d. net. 

Sommerfeld, Arnold. Atomic Structure and Spectral 
Lines. Translated from the third German edition by 
Henry L. Brose. Demy 8vo. Pp. xiii+626. (London: 
Methuen and Co., Ltd., 1923.) 32s. net.* 

Sornet, R. La Technique industrielle des parfums 
synthétiques. Demy 8vo. Pp. .vii+135. (Paris: 
Gauthier-Villars et Cie, 1923.) 10 francs. 

Staudinger, Hermann. Anleitung zur organischen 
qualitativen Analyse. Ex. Cr. 8vo. Pp. xiv +94. 
(Berlin: J. Springer, 1923.) 3s.* 

Vickers, C. Meta's and their Alloys: a Modern 
Practical Work dealing with Metals from their Origin to 
their useful Application—both individually and as parts 
of alloys—used where Strength, Ductility, Toughness, 
Lightness, Colour, Hardness, Cheapness, Conductivity, or 
Bearing Properties are demanded. Partly based on the 
third edition of “‘ Metallic Alloys,’ by William T. Brannt. 
Med. 8vo. Pp. 786. (London: C. Lockwood and Son, 
1923.) 50s. net. 

Walker, William H., Lewis, Warren K., and 
McAdams, William H. Principles of Chemical En- 
gineering. Med. 8vo. Pp. ix +637. (London: McGraw- 
Hill Publishing Co., Ltd., 1923.) 25s.* 

Wallis, T. E. Analytical Microscopy: its Aims and 
Methods. Cr. 8vo. Pp. viii+149. (London: E. Arnold 
and Co., 1923.) 6s. net.* 

Webb, H. W. Absorption of Nitrous Gases. Demy 
8vo. Pp. vili+372. (London: FE. Arnold and Co., 
1923.) 25s. net.* 

Weissgerber, Dr. Chemische Technologie des Stein- 
kohlenteers mit Beriicksichtigung der Koksbereitung. 
Pp. 141. (Leipzig: O. Spamer, 1923.) 4s. 2d. 

West, Clarence J. Fine and “Research Chemicals. 
Second revision. Compiled for the Committee on Re- 
search Chemicals, Division of Chemistry and Chemical 
Technology. (Reprint and Circular Series of the National 
Research Council, No. 44.) Sup. Roy. 8vo. Pp. 45. 
(Washington: National Academy of Sciences, 1923.) 
50 cents.* 

Wilson, J. A. The Chemistry of Leather Manufacture. 
(American Chemical Society Monograph Series.) 8vo. 
Pp. 343. (New York: The Chemical Catalog Co., Inc., 
1923.) 5 dollars. 


Technology 


Barba, Alvaro A. _ El Arte de los metales (Metallurgy). 
Translated from the Spanish by R. E. Douglass and E. P. 
Mathewson. Imp. 16mo. Pp. ix+288. (New York: 
J. Wiley and Sons, Inc.; London: Chapman and Hall, 
Ltd., 1923.) 17s. 6d. net.* 

Blanchard, Mary M. The Basketry Book. 8vo. 
Pp.tr1. (London: B. T. Batsford. Ltd., 1923.) 16s. net. 

Buchner, G. Hilfsbuch fiir Metalltechniker: Ein- 
fiihrung in die neuzeitliche Metall- und Legierungskunde, 
erprobte Arbeitsverfahren und Vorschriften fiir die 
Werkstatten der Metalltechniker, Oberflachenveredlungs- 
arbeiten u. a. nebst wissenschaftlichen Erlauterungen. 
Dritte, neubearbeitete und erweiterte Auflage. Pp. xiii 
+397. (Berlin: J. Springer, 1923.) Grundzahl: 10 marks. 

Cotter, A. La Corporation de l’acier. Traduit de 
l'anglais par A. Aude. 8vo. Pp. 238. (Paris: Libr. 
Vuibert, 1923.) 10 francs. 

Heuser, Prof. Dr. Technik und Praxis der Papier- 
Fabrikation. Band II/1: Die Fabrikation des Zellstoffes 
aus Holz; Sulfit-Zellstoff. Von Richard Dieckmann. 
Pp. viii+360. (Berlin: Otto Elsner Verlagsgesellschaft 
m.b.H., 1923.) 20s. 

Heylin, Henry B. The Cotton Weaver’s Handbook: 
a Practical Guide to the Construction, Costing, Testing 
and Manufacturing of Cotton Fabrics; with Studies in 
Design. Second edition, revised. Cr. 8vo. Pp. 444. 
(London: C. Griffin and Co., Ltd., 1923.) 15s. net. 

Jenkins, A. H. Educational Handwork, or Manual 
Training. Second edition. Cr. 8vo. Pp. viii+246. 


Mathis, J., avec la collaboration de Le Bourhis et 
Huffschmitt. Le Livret ducordonnier. Pp. 91. (Paris: 
Libr. Eyrolles, 1923.) 3 francs. 

Polkinghorne, R. K.and M.I.R. Weaving and other 
Pleasant Occupations. Demy 8vo. Pp. 223. (London, 
Calcutta and Sydney: G. G. Harrap and Co., Ltd., 1923.) 
10s. 6d. net. 

Rambush, N. E. Modern Gas Producers. Gl. 4to. Pp. 
xix +545. (London: Benn Bros., Ltd., 1923.) 55s. net.* 


Astronomy 


Clark, Daniel N. The Universal Law of Organic 
Progress : a Colligated Presentation. Med. 8vo. Pp. 27. 
(Los Angeles: Ingersoll and Harrison, 1922.) 15 cents.* 

Fenner, E. G. Everybody’s Book of Astronomy. 
(Nature Lovers’ Library.) 18mo. Pp. 144. (London: 
Holden and Hardingham, Ltd., 1923.) 4s. 6d. net. 

Fetlaar, J. A Contribution to the Theory of Eclipsing 
Binaries. (Recherches Astronomiques de |’Observatoire 
d’Utrecht, IX., Part 1.) Med. 4to. Pp.iii+o6. (Utrecht: 
J. Van Boekhoven, 1923.)* 

Leuschner, A. O. Celestial Mechanics: a Survey of 
the Status of the Determination of the General Perturba- 
tions of the Minor Planets. (Bulletin of the National 
Research Council, Vol. 4, Part 7, No. 25.) Sup. Roy. 8vo. 
Pp. 73. (Washington: National Academy of Sciences, 
Ig22.) 1 dollar.* 

Maillard, Louis. Quand la lumiére fut. 8vo. Tome 
II: Les Cosmogonies modernes. Pp. 275 +36 planches. 
(Paris: Les Presses Universitaires de France, 1923.) 

Nordmann, Charles. Le Royaume des cieux: un 
peu du secret des étoiles. Cr. 8vo. Pp. 260. (Paris: 
Hachette et Cie, 1923.) 7 francs. 

Olcott, William T. The Book of the Stars for Young 
People. 8vo. Pp. 431. (London: G. P. Putnam’s 
Sons, 1923.) 15s. net. 

Phillips, T. E.R., Edited by. Hutchinson’s Splendour 
of the Heavens: a Popular Authoritative Astronomy. 
Demy 4to. Part 4. Pp. 129-168. Part 5. Pp. 169-208. 
(London: Hutchinson and Co., 1923.) Is. 3d. net each part.* 


Geology: Mineralogy 


Abderhalden, Emil, Herausgegeben von. Handbuch 
der biologischen Arbeitsmethoden. Sup. Roy. 8vo. 
Lieferung 100. Abt. X: Methoden der Geologie, 
Mineralogie, Palaobiologie, Geographie. Heft 4: Die 
Methoden der geologischen Aufnahme, von Hans Philipp ; 
Die Methoden der geographischen Forschung, von W. Ule. 
Pp. 395-528. (Berlin und Wien: Urban und Schwarzen- 
berg, 1923.) 5 Schw. francs.* 

Boule, Marcellin. Les Hommes fossiles: Eléments 
de paléontologie humaine. 2¢ édition. 8vo. Pp. 506. 
(Paris : Masson et Cie, 1923.) 40 francs net. 

Elsden, J. Vincent, and Howe, J. Allen. The Stones 
of London: a Descriptive Guide to the Principal Stones 
used it: London; with a brief Non-Technical Account 
of their Characteristic Features. Cr. 8vo. Pp. vii +205. 
(London: Colliery Guardian Co., Ltd., 1923.) 6s.* 

Geological Survey, Memoirs of the. Special Reports 
on the Mineral Resources of Great Britain. Roy. 8vo. 
Vol. 1: Tungsten and Manganese Ores. Third edition. 
By H. Dewey and H. G. Dines; with Contributions by 
C. N. Wromehead, T. Eastwood, G. V. Wilson, and 
R. W. Vocock. Pp. iv+83+3 plates. (Southampton : 
Ordnance Survey Office; London: E. Stanford, Ltd., 
1923.) 2s. net.* 

Geological Survey : England and Wales, Memoirs of 
the. Explanation of Sheet 96: The Geology of Liverpool, 
with Wirral and part of the Flintshire Coalfield. By 
C. B. Wedd, B. Smith, W. C. Simmons, and D. A. Wray. 
Roy. 8vo. Pp. vi+183. (Southampton: Ordnance Sur- 
vey Office; London: E. Stanford, Ltd., 1923.) 4s. net.* 
Geological Survey of Great Britain, Memoirs of the. 
Paleontology. Roy. 4to. Vol. 2, Part 1: Fossil Plants 
of the Carboniferous Rocks of Great Britain. By Robert 
Kidston. Pp. 109+22 plates. 15s. net. Vol. 2, Part 2: 
Fossil Plants of the Carboniferous Rocks of Great Britain. 
By Robert Kidston. Pp. 111-197 +plates 23-47. 12s. 6d. 
net. (Southampton: Ordnance Survey Office; London: 


(London: University Tutorial Press, Ltd., 1923.) 4s. 


E. Stanford, Ltd., 1923.)* 
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Geological Survey of India, Memoirs of the. Vol. 44, 
Part 2: The Geology and Ore Deposits of the Tavoy 
District. By J. Coggin Brown and A. M. Heron. Sup. 
Roy. 8vo. Pp. vii +167-354+plates 18-25. (Calcutta: 
Geological Survey of India, 1923.) 6.8 rupees.* 

Geological Survey: Scotland, Memoirs of the. The 
Geology of Corrour and the Moor of Rannoch (Explanation 
of Sheet 54). By L. W. Hinxman, R. G. Carruthers, 
and M. Macgregor; with Contributions by the late 
C. T. Clough, and Petrological Notes by H. H. Thomas 
and H. H. Read. Roy. 8vo. Pp. iv+96. (Southampton : 
Ordnance Survey Office; London: E. Stanford, Ltd., 
1923.) 4s. net.* 

Geological Survey : Scotland, Memoirs of the. 84 and 
part of 94. The Geology of the Lower Findhorn and 
Lower Strath Nairn, including part of the Black Isle 
near Fortrose. By John Horne; with Contributions by 
E. N. Peach, L. W. Hinxman, R. G. Carruthers, and 
E. M. Anderson ; and a Petrographical Chapter by John 
S. Flett. Roy. 8vo. Pp. 128. (Southampton: Ordnance Sur- 
vey Office; London: E. Stanford, Ltd., 1923.) 5s. net.* 

Henderson, J., and Ongley, M. The Geology of the 
Mokau Subdivision ; with an Account of Adjoining Areas, 
and of the Te Kuiti District, Pirongia and Taranaki 
Divisions. (New Zealand Department of Mines: Geo- 
logical Survey Branch, Bulletin No. 24.) Demy ato. 
Pp. vi +83. (Wellington : W. A. G. Skinner, 1923.) I0s.* 

Holmes, Arthur. Petrographic Methods and Calcula- 
tions. Demy 8vo. Part 2: The Study of Thin Sections. 
Pp. xiii +231-383+4 plates. tos. 6d. net. Part 3: 
Chemical Methods and Calculations. Pp. xiii + 384-515. 
8s. 6d. net. ‘(London : T. Murby and Co., 1923.)* 

Kenny, E. J. Silver, Lead, Zinc. (Department of 
Mines: Geological Survey, Bulletin No. 2.) Roy. 8vo. 
Pp. 48+7 plates. (Sydney: J. A. Spence, 1923.) Is. 6d.* 

Louis, Henry. Mineral Valuation. Med. 8vo. Pp. x+ 
281. (London: C. Griffin and Co., Ltd., 1923.) 15s. net.* 

Reck, Hans. Die Hegau-Vulkane. Herausgegeben mit 
einer Subvention der Stiftung ‘‘ Vulkaninstitut Immanuel 
Friedlaender.”” Cr. Pp. xxiii+248+18 Tafeln. 
(Berlin: Gebriider Borntraeger, 1923.) 12s.* 

Scott, Dukinfield H. Studiesin Fossil Botany. Third 
edition. Ex. Cr. 8vo. Vol. 2: Spermophyta. 
xvi+446. (London: A. and C. Black, Ltd, 
2Is. net.* 

Spurr, J. Edward. The Ore Magmas: 
Essays on Ore Deposition. Med. 8vo. 
x+430. Vol. 2. Pp. ix+431-915. (London: 
Hill Publishing Co., Ltd., 1923.) 2 vols., 40s.* 

Stamp, L. Dudley. An Introduction to Stratigraphy 
(British Isles). Cr. 8vo. Pp. xv +368. (London: T. 
Murby and Co., 1923.) Ios. net.* 

Tillyard, R. J., and Dunstan, B. Mesozoic Insects 
of Queensiand. Roy. 8vo. Part 1: Introduction and 
Coleoptera. (Queensland Department of Mines: Geo- 
logical Survey, Publication No. 273.) .-Pp. v+89. (Bris- 
bane: A. J. Cumming, 1923.)* 


1923.) 


a Series of 
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Geography: Travel 


Abraham, George D. The Complete Mountaineer. 
Third edition, revised. Med. 8vo. Pp. 508. (London: 
Methuen and Co., Ltd., 1923.) 18s. net. 

Andrews, C. E. Old Morocco: and the Forbidden 
Atlas. Med. §8vo. 295. (London: Hurst and 
Blackett, Ltd., 1923.) 15s. net. 

Barnard, H Australia, New Zealand, and Oceania 
in Pictures. (London: A. and C. 
Black, Ltd., 1923.) 

Belloc, Hilaire. The Modern Traveller. 
Pp. 80. (London: E. Arnold and Co., 1923.) 35. 6d. net. 

Brown, W. C., and Johnson, P. H. The Home of 
Man. (The New Outlook Geography.) Cr. 8vo. Part 2: 
Europe. Revised post-war edition by W. C. Brown. 
Pp. 265. (London, Calcutta and Sydney: G. G. Harrap 
and Co., Ltd., 1923.) 2s. 6d. 

Cadby, Will and Carine. Switzerland in Summer: 
Discursive Information for Visitors. Gl. 8vo. Part 2: 
The Grisons. Pp. 128. (London: Mills and Boon, Ltd., 
1923.) 5s. net. 


Demy 8vo. 


Vol. 1. Pp.. 


Cassell’s Guide to London. Gl. 
+18 maps and plans. (London: 
Ltd., 1923.) 1s. 6d. net. 

Ellison, Grace. An Englishwoman in Angora. 
8vo. Pp. xv+344. (London: 
1923.) 18s. net. 

Enders, Elizabeth C. Swinging Lanterns. Demy 
8vo. Pp. xv +359. (London: D. Appleton and Co., 1923.) 
Ios. 6d. net. 

Gehrke, ‘Johan. Further Investigations on the After- 
Effect of Ice-Winters upon the Deep-Sea Temperatures 
of the Kattegat. (Conseil Permanent International pour 
l’Exploration de la Mer: Publications de Circonstance, 
No. 81.) Sup. Roy. 8vo. Pp. 11. (Copenhague: A. F. 
Host et fils, 1923.)* 

Haight, Elizabeth H. Italy, Old and New. Med. 
8vo. Pp. x+230. (London: Stanley Paul and Co, 
1923.) Ios. 6d. net. 

Harper, Charles G. Queer Things about London: 
Strange Nooks and Corners of the Greatest City in the 
World. Cr. 8vo. Pp. 256. (London: Cecil Palmer, 
1923.) 7s. 6d. net. 

Koebel, H. The New Argentina. Med. 8vo. 
Pp. xxx +276. (London: T. Fisher Unwin, Ltd., 1923.) 
15s. net. 

Lucas, 


8vo. Pp. 
Cassell and 


Med. 
Hutchinson and Co. 


E. V. A Wanderer in Florence. Tenth 
edition revised. Cr. 8vo. Pp. xviii+376. (London: 
Methuen and Co., Ltd., 1923.) os. 6d. net. 

Lucas, E. V. Highways and Byways in Sussex. 
(Highways and Byways Series.) Pocket edition. Fcap. 
8vo. Pp. xx+444. (London: Macmillan and Co., Ltd., 
1923.) Cloth, 6s. net; leather, 7s. 6d. net. 

Lynch, Bohun, Edited by. Isles of Illusion : 
from the South Seas. Cr. 8vo. Pp. xvi+334. 
Constable and Co., Ltd., 1923.) 7s. 6d. net. 

McCrackan, W. D. The New Palestine. Med. 8vo. 
Pp. xiv +392. (London: Jonathan Cape, 1923.) 16s. net. 

Madan, Falconer. Oxford outside the Guide Books. 
Cr. 8vo. Pp. viii+200. (Oxford: B. Blackwell, 1923.) 
3s. 6d. net. 

Mallett, Marguerite. A White Woman among the 
Masai. Med. 8vo. Pp. 288. (London: T. Fisher Unwin, 
Ltd., 1923.) 21s. net. 

Meyer, Hans H. F. Die Oberflachenstrémungen ‘es 
Atlantischen Ozeans im Februar. (Verdéffentlichungen 
des Instituts fiir Meereskunde an der Universitat Berlin. 
Neue Folge. A: Geographisch - naturwissenschaftliche 
Reihe, Heft 11.) Sup. Roy. 8vo. Pp. 35+1 Karte. 
(Berlin: E. S. Mittler und Sohn, 1923.)* 

Norway, A. H. Highways and Byways in Devon 
and Cornwall. (Highways and Byways Series.) Pocket 
edition. Feap. 8vo. Pp. viii+391. (London: Macmillan 
and Co., Ltd., 1923.) Cloth, 6s. net ; leather, 7s. 6d. net. 

Overell, Lilian. A Woman’s Impression of German 
New Guinea. Med. 8vo. Pp. x+223. (London: J. 
Lane, Ltd., 1923.) 12s. 6d. net. 

Parker, E. Highways and Byways in Surrey. (High- 
ways and Byways Series.) Pocket edition. Fcap. Svo 
Pp. xix +452. (London: Macmillan and Co., Ltd., 1923.) 
Cloth, 6s. net ; leather, 7s. 6d. net. 

Philip, G., Edited by. Cassell’s New Atlas: a 
Geographical Survey of the New Era, dealing with Terri- 
torial Changes and International Relations, Travel «nd 
Communications, History and Colonisation, with Iniro- 
ductory Notes and an Index of 35,000 Names. Second 
and revised edition. Sup. Roy. 4to. Pp..vi+144 maps 
+70. (London, New York, Toronto and Melbourne: Cassell 
and Co., Ltd., 1923.) Cloth, 21s. net; half leatuier, 
31s. 6d. net. 

Philip, G., Edited by. Philip’s Atlas of Comparative 
Geography. Imp. 8vo. Pp. 18. (London: G. Philip 
and Son, Ltd., 1923.) Is. net. 

Philip, G., Edited by. Philip’s County Council Sciool 
Atlas: abridged. Imp. 8vo. Pp. 20. (London: G. 
Philip and Son, Ltd., 1923.) 1s. 3d. net. 

Sweden, Prince William of. Among Pygmies and 
Gorillas: with the Swedish Zoological Expedition to 
Central Africa, 1921. Med. 8vo. Pp. xvi+296. (London: 
Gyldendal, 1923.) 25s. net. 
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Vogel, Karl. Aloha around the World. Second 
impression. Med. 8vo. Pp. xix+274. (London: G. P. 
Putnam’s Sons, 1923.) 17s. 6d. net. 

Whitbeck, R. H. High School Geography. Cr. 8vo. 
Pp. x+577- (New York: The Macmillan Co. ; London: 
Macmillan and Co., Ltd., 1923.) 9s. net. 

Wickson, E. J. Rural California. (Rural State and 
Province Series.) Cr. 8vo. Pp. xi+399+12 plates. 
(New York: The Macmillan Co.; London: Macmillan 
and Co., Ltd., 1923.) 12s. net. 

Wild, Comdr. Frank. Shackleton’s Last Voyage: 
the Story of the Quest. From the Official Diary 
kept by A. H. Macklin. Roy. 8vo. Pp. xvi+372. 
(London: Cassell and Co., Ltd., 1923.) 30s. net. 

Wilson, R. The Progress to Geography. Cr. 8vo. 
Stage 5: Britain and Europe—an Experiment in Racial 
Geography. Pp. 303. Stage 6: Britain and the Modern 
World. Pp. 313. (London: Macmillan and Co., Ltd., 
1923.) 4s. 6d. each. 

Windt, Harry de. My Note-book at Home and 
Abroad. Med. 8vo. Pp. 288. (London: Chapman and 
Hall, Ltd., 1923.) 12s. 6d. net. 


General Biology: Natural History 


Buckley, Arabella B. Winners in Life’s Race: or 
the Great Backboned Family. New impression. Cr. 8vo. 
Pp. xv +367. (London: Macmillan and Co., Ltd., 1923.) 
6s. net. 

Celesia, Paolo, Opere di. Serie scientifica a cura di 
F. Raffaele della R. Universita di Roma. Studi Biologici. 
Sup. Roy. 8vo. Pp. xii+426. (Roma: G. Bardi, 1923.) * 

Claxton, W. J. Insect Folk at Home. Cr. 8vo. Pp. 
141. (London: Wells Gardner, Darton and Co., Ltd., 
1923.) 2s. 3d. net. 

Conseil Permanent International pour 1’Explora- 
tion de la Mer. Rapports et procés-verbaux. Vol. 30: 
The Mackerel. Spawning—Larval and Post-larval Forms 
—Age Groups—Food—Enemies. Second Report to the 
International Council for the Investigation of the Sea. 
By E. Ehrenbaum. Cr. 4to. Pp. 39. (Copenhague: 
A. F, Hgst et fils, 1923.)* 

Dewar, Douglas. The Common Birds of India. Sup. 
Roy. 8vo. Vol. 1: The Sportsman’s Birds, Wild Fowl, 
Game Birds and Pigeons. Part 2. Pp. 45-90. Part 3. 
Pp. g1-126. (Calcutta and Simla: Thacker, Spink and 
Co., 1923.) 2.8 rupees each part.* 

Finn, Frank, and Robinson, E. Kay. Birds of our 
Country. Imp. 8vo. Vol. 2. (London: Hutchinson 
and Co., 1923.) 21s. net. 

Foerster, N. Nature in American Literature: Studies 
in the Modern View of Nature. Cr. 8vo. . xiv + 324. 
(New York: The Macmillan Co.; London: Macmillan 
and Co., Ltd., 1923.) 8s. net. 

Gallichan, Walter M. British Birds, their Nests and 
Eggs, and How to Name Them. Fifth edition. 18mo. 
Pp. 152. (London: Holden and Hardingham, Ltd., 
1923.) 2s. net. 

Garstang, Walter. Songs of the Birds. New edition. 
Cr.8vo. Pp.115. (London: John Lane, Ltd., 1923.) 6s.net. 

Gates, R. Ruggles. Heredity and Eugenics. Demy 
8vo. Pp. xiii+288. (London, Bombay and Sydney: 
Constable and Co., Ltd., 1923.) 21s. net.* 

Harper, Charles G., and Kershaw, J. C. The 
Downs and the Sea: Wild Life and Scenery in Surrey, 
Sussex and Kent. Med. 8vo. Pp. 250. (London: 
Cecil Palmer, 1923.) 15s. net. 

Hefford, A. E. Report on the Work of the Steam 
Trawler William Carrick, May 1921 to February 1922. 
(Government of Bombay: Department of Industries.) 
Cr. 4to. Pp. iv+130. (Poona: Government Printing 
and Stationery Office, 1923.) 2.4 rupees.* 

Hudson, W. H. The Land’s End: a Naturalist’s 
Impressions in West Cornwall. (The Collected Works: 
in Twenty-four Volumes.) Med. 8vo. Pp. xiv +307. 
(London: J. M. Dent and Sons, Ltd., 1923.) 21s. net. 

Massingham, H. J. Untrodden Ways: Adventures 
on English Coasts, Heaths and Marshes, and also among the 
Works of Hudson, Crabbe, and other Country Writers. 
Demy 8vo. Pp. 255. (London: T. Fisher Unwin, Ltd., 
1923.) 10s. 6d. net.* 


Mitchell, P. Chalmers, Edited by. The Pageant of 
Nature: British Wild Life and its Wonders. Sup. Roy. 
8vo. Part 8. Pp. 505-576. Part 9. Pp. 577-648. 
Part 10. Pp. 649-720. (London: Cassell and Co., Lid., 
1923.) Is. 3d. net each part.* 

Pienaar, A.A. The Adventures of a Lion Family and 
other Studies of Wild Life in East Africa. Translated 
from the Afrikaans by B. and E. D. Lewis. Cr. 8vo. 
Pp. xv+256. (London: Longmans, Green and Co., 
1923.) 7s. 6d. net.* 

Rabaud, Etienne. L’Adaptation et l’évolution. (Col- 
lection de synthése scientifique.) 8vo. Pp. 284. (Paris: 
Libr. Chiron.) 7.50 francs. 

Robinson, E. Kay. Nature Lessons with Animals. 
18mo. Pp. 144. (London: Holden and Hardingham, 
Ltd., 1923.) 2s. net. 

Robson, Forster. The Seashore: its Inhabitants 
and How to Know Them. 18mo. Pp. 111. (London: 
Holden and Hardingham, Ltd., 1923.) 2s. net. 

Robson, Forster. Wild Life of the Countryside. 
18mo. Pp. 142. (London: Holden and Hardingham, 
Ltd., 1923.) 2s. net. 

Sartory, A. La Cellule. (Encyclopédie illustrée des 
actualités scientifiques.) Fcap. 8vo. Pp. 210. (Paris: 
Libr. Quillet, 1923.) 9.50 francs. 

Shirley-Fox, John. Angling Adventures of an Artist. 
8vo. Pp. xiii+162+8 plates. (London: J. Murray, 
1923.) Qs. net.* 

Sowerby, Arthur de Carle. The Naturalist in 
Manchuria. Imp. 8vo. Vol. I: Travel and Exploration. 
Pp. xiv+347. (Tientsin: Tientsin Press; London: 
Probsthain and Co., 1923.) 42s. net, 

Witherby, H. F., Edited by. A Practical Handbook 
of British Birds. Demy 8vo. Part 17. Pp. 721-800. 
(London: H. F. and G. Witherby, 1923.) 4s. 6d. net.* 

Yearsley, Macleod. A Fairy Tale of the Sea. Pott 4to. 
Pp.v+71. (London: Watts and Co., 1923.) 3s. 6d. net.* 


Botany: Horticulture: Forestry 


Brown, Harkness. The Secondary Xylem of 
Hawaiian Trees. (Occasional Papers of the Bernice 
Pauahi Bishop Museum of Polynesian Ethnology and 
Natural History, Vol. 8, No. 6.) Med. 8vo. Pp. 157. 
(Honolulu : Bishop Museum Press, 1922.)* 

Eley, Charles. Gardening for the Twentieth Century. 
Demy 8vo. Pp. xiv+256. (London: J. Murray, 1923.) 
16s. net. 

Greaves, Haslehurst. Everybody’s Book of Garden 
Annuals. 18mo. Pp. 136. (London: Holden and Harding- 
ham, Ltd., 1923.) 2s. net. 

Johnson, Stanley C. Grasses and Rushes, and How 
to Know Them. (Nature Lovers’ Library.) 18mo. 
Pp. 143. (London: Holden and Hardingham, Ltd., 
1923.) 2s. net. 

Johnson, Stanley C. Wild Fruits and How to Know 
Them. 18mo. Pp. 141. (London: Holden and Harding- 
ham, Ltd., 1923.) 2s. nef. 

Kennedy-Bell, M. G. The Glory of the Garden. 
Cr. 8vo. Pp. 188. (London: A. and C. Black, Ltd., 
1923.) 58. net. 

Knight, Margery. Studies in the Fctocarpacez. 
1: The Life-History and Cytology of Pylaiella litoralis, 
Kjellm. (Transactions of the Royal Society of Edinburgh, 
Vol. 53, Part 2, No. 17.) Roy. -4to. Pp. 343-360+6 
plates. (Edinburgh: R. Grant and Son; London: 
Williams and Norgate, 1923.) 4s. 6d.* 

Lindau, G., Herausgegeben von. Kryptogamenfiora 
fiir Anfanger: eine Einfiihrung in das Studium der 
bliitenlosen Gewachse fiir Studierende und Liebhaber. 
Band 3: Die Flechten. Von G. Lindau. Zweite durch- 
gearbeitete Auflage. Band 5: Die Laubmoose. Von 
W. Lorch. Zweite, verbesserte und vermehrte Auflage. 
(Berlin: J. Springer, 1923.) Grundzahl: 6.5 marks each. 

Lomas, Charlotte R. Garden Whimseys. Cr. 8vo. 
Pp. viii+171. (New York: The Macmillan Co.; London: 
Macmillan and Co., Ltd., 1923.) 7s. net. 

MacSelf, A. J. Alpine Plants. (Home Garden 
Books.) Demy 8vo. Pp. 205. (London: Thornton 
Butterworth, Ltd., 1923.) 7s. 6d. net. 
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Maiden, J. H. A Critical Revision of the Genus 
Eucalyptus. Roy. 4to. Vol. 6, Part 9. Pp. iv+495-570 + 
plates 240-243. Vol. 6, Part 10. Pp. ii+571-610+ plates 
244-247. (Sydney: J. Spence, 1923.) 3s. 6d. each part.* 

Newsham, J. C. The Propagation and Pruning of 
Hardy Trees, Shrubs, and Miscellaneous Plants. With 
Chapters on Manuring and Planting. MRe-issue. Demy 
8vo. Pp. 235+57 plates. (London: C. Lockwood and 
Son, 1923.) 6s. net. 

Pack, A. N. Our Vanishing Forests. Cr. 8vo. Pp. 
xvii+189. (New York: The Macmillan Co.; London: 
Macmillan and Co., Ltd., 1923.) 9s. net. 

Peterson, Maude G. How to Know Wild Fruits: 
a Guide to Plants when not in Flower by Means of Fruit 
and Leaf. Cr. 8vo. Pp. xliii+340. (New York: The 
Macmillan Co. ; London: Macmillan and Co., Ltd., 1923.) 
gs. net. 

Recknagel, A. B. The Forests of New York State. 
Cr. 8vo. Pp. xv +167+5 plates+4 charts. (New York: 
The Macmillan Co.; London: Macmillan and Co., Ltd., 
1923.) 12s. net. 

Robinson, E. Kay. Nature Lessons with Plants. 
18mo. Pp. 136. (London: Holden and Hardingham, 
Ltd., 1923.) 2s. net. 

Rytz, Walther. Leitsatze fiir ein richtiges Zitieren 
in wissenschaftlichen Arbeiten mit Beispielen aus der 
botanischen Literatur. (Pflanzengeographische Kommis- 
sion der Schweizer. Naturforschenden Gesellschaft: Bei- 
trage zur geobotanischen Landesaufnahme 11.) Med. 8vo. 
Pp. 20. (Ziirich: Rascher und Co., 1923.) 0.60 francs.* 

Sampson, H. C. The Coconut Palm: the Science 
and Practice of Coconut Cultivation. Roy. 8vo. Pp. 
xv+262+40 plates. (London: J. Bale, Sons and 
Danielsson, Ltd., 1923.) 31s. 6d. net.* 

Simonsen, J. L. The Constituents of some Indian 
Essential Oils. Cr. 4to. Part 8: The Essential Oil 
from the Gum-oleo-resin of Boswellia serrata (Roxb.). 
(Indian Forest Records, Vol. 9, Part 6.) Pp. 18. 
(Calcutta : Government Printing Office, 1923.) 3 annas.* 

Stoklasa, J. Die Beschadigungen der Vegetation durch 
Rauchgase und Fabrikexhalationen. Pp. 487 +21 Tafeln. 
(Berlin und Wien : Urban und Schwarzenberg, 1923.) 

Tansley, A. G. Practical Plant Ecology: a Guide 
for Beginners in Field Study of Plant Communities. Cr. 
8vo. Pp. 228. (London: G. Allen and Unwin, Ltd.; 
New York: Dodd, Mead and Co., 1923.) 7s. 6d. net. 


Zoology 


Betts, Annie D. Practical Bee Anatomy: with 
Notes on the Embryology, Metamorphoses and Physiology 
of the Honey Bee. (Apis Club Library, Vol. 1.) Demy 
8vo. Pp. 88. (Benson, Oxon.: The Apis Club,1923.)* 

Chadwick, Herbert C. Asterias. (Liverpool Marine 
Biology Committee Memoirs on Typical British Marine 
Plants and Animals, 25.) Med. 8vo. Pp. viii +63 + 
g plates. (Liverpool: University Press of Liverpool, Ltd.; 
London: Hodder and Stoughton, Ltd., 1923.) 4s. 6d. net.* 

Challenger Society. Bibliography of the Marine 
Fauna. Edited by L. A. Borradaile. Synopsis of the 
Card Catalogue: Third and Final Draft. Third edition. 
Demy 8vo. Pp. 36. (London: Challenger Society, 
British Museum (Natural History), 1921.) 1s. 6d.* 

Fowler, Henry W. New or Little-known Hawaiian 
Fishes. (Occasional Papers of the Bernice Pauahi Bishop 
Museum of Polynesian Ethnology and Natural History, 
Vol. 8, No. 7.) Med. 8vo. Pp. 20. (Honolulu: Bishop 
Museum Press, 1923.)* 

Heinrich, Carl. Revision of the North American 
Moths of the Subfamily Eucosmine of the Family Ole- 
threntide. (Smithsonian Institution: United States 
National Museum, Bulletin 123.) Roy. 8vo. Pp. iv 
+298+59 plates. (Washington: Government Printing 
Office, 1923.) 50 cents.* 

Kiikenthal, Willy, Begriindet von. Handbuch der 
Zoologie: eine Naturgeschichte der Stéamme des Tier- 
reiches. Herausgegeben von Thilo Krumbach. Demy 4to. 
Erster Band: Protozoa—Porifera—Coelenterata—Mesozoa. 
Erste Lieferung. Pp. 192. (Berlin und Leipzig: W. de 
Gruyter und Co., 1923.) 9s.* 


McIntosh, William C. A Monograph of the British 
Marine Annelids. Imp. 4to. Vol. 4, Part 2: Polycheta— 
Sabellide to Serpulide; with Additions to the British 
Marine Polycheta during the Publication of the Mono- 
graph. (Published for the Ray Society.) Pp. xii + 251- 
539+plates 115-117 and 128-138. (London: Dulau and 
Co., Ltd., 1923.) 50s. net.* 

Pellegrin, Jacques. Voyage zoologique d’Henri 
Gadeau de Kerville en Syrie. 8vo. Tome 4¢ et dernier : 
Les Poissons. Pp. 64+5 planches. (Paris: J.-B. 
Bailliére et fils, 1923.) 

Wilder, Inez W. Laboratory Studies in Mammalian 
Anatomy. Second revised edition. Med. 8vo. Pp. xi+ 
157. (Philadelphia: P. Blakiston’s Son and Co., 1923. 
2 dollars net.* 


Agriculture 


Alexander, W. P. The Irrigation of Sugar Canc 
in Hawaii. Sup. Roy. 8vo. Pp. v+i1og. . (Honolulu, 
Hawaii: Hawaiian Sugar Planters’ Association, 1923.)* 

Freeman, Ella A Home Vegetable-Garden : 
Suggestions of Real Gardens for Home-Makers and 
Others. (The Open Country Books, No. 2.) Cr. 8vo 

vi+214+8 plates. (New York: The Macmillan 
Co.; London: Macmillan and Co., Ltd., 1922.) 8s. net.* 

Klimmer, Martin. Scientific Feeding of the Domesti: 
Animals. Authorised translation from the third German 
edition by Paul Fischer. Med. 8vo. Pp. 252. (London: 
Bailliére, Tindall and Cox, 1923.) 18s. net. 

Reid, Lieut.-Col. H. A. The Diseases of Farm 
Animals in New Zealand. Med. 8vo. Pp. xviii + 567. 
(Melbourne, Auckland and London: Whitcombe and 
Tombs, Ltd., 1923.) 30s. net. 

Waters, Henry J. Elementary Agriculture. Cr. 8vo 
Pp. ix+349+6 plates. (Boston and London: Ginn and 
Co., 1923.) 5s. net.* 


Anatomy: Physiology 


Harden, Arthur. Alcoholic Fermentation. (Mono- 
graphs on Biochemistry.) Third edition. Roy. 8vo. 
Pp. v+194. (London: Longmans, Green and Co., 1923.) 
6s. 6d. net.* 

Medical Research Council. Studies of Rickets in 
Vienna, 1919-22. (Report to the Accessory Food Factors 
Committee appointed jointly by the Medical Research 
Council and the Lister Institute.). Roy. 8vo. Pp. 
203 +14 plates. (London: H.M. Stationery Office, 1923.) 
7s. 6d. net.* 

Mounier, Dr. La Voix: anatomie, physiologic, 
conseils et soins médicaux. Fcap. 8vo. Pp. 88. (Paris: 
Libr. Vigot, 1923.) 3.50 francs. 

Parisot, J., et Richard, G. Les Glandes endocrines : 
leur valeur fonctionnelle, méthodes d’exploration et de 
diagnostic. 8vo. Pp. 248. (Paris: G. Doin, 1923.) 
15 francs. 

Share-Jones, J. T. The Surgical Anatomy of the 
Horse. 2 vols. 4to. (London: Bailliére, Tindall and 
Cox, 1923.) 31s. 6d. net. 

Wynne, Fred E. Ductless and other Glands: a Popular 
Account of their Nature and Functions. Cr. 8vo. Pp. 127. 
(London: G. Allen and Unwin, Ltd., 1923.) 4s. 6d. net.* 


Anthropology: Archeology 


Blanchet, Adrien. Les Souterrains-refuges de |a 
France : Contribution a l’histoire de l’habitation humaine 
8vo. Pp. vili+344. (Paris: A. Picard, 1923.) 

British School at Athens, The Annual of the. Cr. 4to. 
No. 24, Sessions 1919-1920; 1920-1921. Pp. viii +250 
+14 plates. With Supplementary Paper No. 1: The 
Unpublished Objects from the Palaikastro Excavations, 
1902-1906. Described by R. C. Bosanquet and R. \. 
Dawkins. Part 1. Pp. xii+160+34 plates. (London: 
Macmillan and Co., Ltd., 1923.) 63s. net.* 

Collocott, E.E.V. Tongan Astronomy and Calendar. 
(Occasional Papers of the Bernice Pauahi Bishop Museuin 
of Polynesian Ethnology and Natural History, Vol. §, 
No. 4.) Med. 8vo. Pp.19. (Honolulu: Bishop Museum 
Press, 1922.)* 
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Evans, Ivor H.N. Studies in Religion, Folk-lore, and 
Custom in British North Borneo and the Malay Peninsula. 
Demy 8vo. Pp. viii+299. (Cambridge: At the Uni- 
versity Press, 1923.) 20s. net.* 

Handy, Willowdean C. Tattooing in the Marquesas. 

(Bernice P. Bishop Museum, Bulletin 1: Bayard Dominick 

“xpedition, Publication No. 3.) Sup. Roy. 8vo. Pp. 
32 +38 plates. (Honolulu: Bernice P. Bishop Museum, 
1922.)* 

Lévy-Bruhl, Lucien. Primitive Mentality. Authorised 
translation by Lilian A. Clare. Demy 8vo. Pp. 458. 

condon: G. Allen and Unwin, Ltd.; New York: The 

facmillan Co., 1923.) 16s. net.* 

Macgregor, Rev. Alexander. Highland Supersti- 
tions: connected with the Druids, Fairies, Witchcraft, 
Second-sight, Hallowe’en, Sacred Wells and Locks, with 
several Curious Instances of Highland Customs and 
Leliefs. Med. 8vo. Pp. 72. (Stirling: E. Mackay, 

)23.) 35s. 6d. net. 

Moreux, l’Abbé Th. La Science mystérieuse des 
Pharaons. Gl. 8vo. Pp. 239+8 planches. (Paris: G. 
Doin, 1923.) 7 francs.* 

Page,W. London: its Origin and Early Development. 
Demy 8vo. Pp. xi+300. (London, Bombay and Sydney: 
Constable and Co., Ltd., 1923.) 14s. net. 

Perry, W. J. The Children of the Sun: a ~— 
in the Early History of Civilisation. Demy 8vo. Pp. 
xiv+551+16 maps. (London: Methuen and Co.,  Ltd., 
023.) 18s. net.* 

Smith, Reginald A. Some Primitive Stone Imple- 
ments from Uganda. (Occasional Paper No. 1.) Roy. 
vo. Pp. 17. (Entebbe: Geological Survey of Uganda, 
1923.) 


Wissler, Clark. Man and Culture. Pott 4to. Pp. | 


xi+371. (London: G. G. Harrap and Co., Ltd., 1923.) 
ros. 6d. net. 


Philosophy: Psychology 
Baudouin, L. Charles. The Birth of Psyche. Trans- 
lated by F. Rothwell. Cr. 8vo. Pp. xxiii+211. (Lon- 
don: G. Routledge and Sons, Ltd.; New York: E. P. 
Dutton and Co., 1923.) 5s. net.* 


Bouasse, H. La ee — contre la théorie | 


d’Einstein. Feap. 8vo. Pp. 28. (Paris: A. Blanchard, 
1923.) 1.50 francs.* 
Czuber. Die philosophischen Grundlagen der Wahr- 


scheinlichkeitsrechnung. (Wissenschaft und Hypothese, 
Band 24). (Leipzig und Berlin: B.G. Teubner, 1923.) 9s. 6d. 

Davis, Albert E. Hypnotism and Treatment by 
Suggestion. Fourth edition. Cr. 8vo. Pp. 196+vi. 
(London: G. P. Putnam’s Sons, 1923.) 5s. net.* 

Dumas, Georges. Traité de psychologie. Demy 8vo. 
Tome 1. Pp. xiv+964. (Paris: F. Alcan, 1923.) 40 
francs net.* 

Finot, Jean. Préjugé et problémes des sexes. (Biblio- 
theque philosophie contemporaine.) 8vo. Pp. 530. 
(Paris: F. Alcan, 1923.) 20 francs. 

Forsbroke, Gerald E. Character Qualities Outlined 
and Related: Summing up the Evidence of Individual 
Qualities and Tendencies as shown by the Reactions of 
the Mind and Body on the Face. Med. 8vo. Pp. viii 

166. (London: G. P. Putnam’s Sons, 1923.) 12s. 6d. net. 

Fursac, J. Rogues de. Manuel de_psychiatrie. 
6° édition, revue et augmentée. Fcap. 8vo. Pp. 930+4 
planches. (Paris: F. Alcan, 1923.) 30 francs. 

Hadfield, J. A. Psychology and Morals: an Analysis 
of Character. Cr. 8vo. Pp. vii+186. (London: Methuen 
and Co., Ltd., 1923.) 6s. net. 

Levine, Israel. The Unconscious: an Introduction 

) Freudian Psychology. Cr. 8vo. Pp. 215. 
le onard Parsons, Ltd., 1923.) 7s. 6d. net.* 

McDougall, William. An Outline of Psychology. 
De emy 8vo. Pp. xviii+456. (London: Methuen and 

Ltd., 1923.) 12s. net.* 

Gertrude. Coué forChildren. Cr. 8vo. Pp. 126. 
(London: G. Allen and Unwin, Ltd., 1923.) 3s. 6d. net. 

Piéron, Henri. Le Cerveau et la pensée. (Nouvelle 
Pp. vi+326. (Paris: 


colle sction scientifique.) Gl. 8vo. 
Alcan, :1923.) ro francs net.* 


(London: | 


Ross, T. A. The Common Neuroses: their Treatment 
by Psychotherapy. Demy 8vo. Pp. xi+256. (London: 
E. Arnold and Co., 1923.) 12s. 6d. net. 

Sadler, William S. Race Decadence: an Examination 
of the Causes of Racial Degeneracy in the United States. 
Ex. Cr. 8vo. Pp. xii+421+8 plates. (London: G. 
Routledge and Sons, Ltd., 1923.) 10s. 6d. net.* 

Slade, T. Kenrick. Our Phantastic Emotions: an 
Attempt to suggest a Fresh Stand-point from which to 
view Human Activities. Cr. 8vo. Pp. xii+179. (Lon- 
don: Kegan Paul and Co., Ltd., 1923.) 6s. 6d. net.* 

Steiner, Rudolf. Goethe as the Founder of a New 
Science of #sthetics. Translated by G. Metaxa; edited 
by H. Collison. Second edition. Demy 8vo. Pp. 30. 
(London: Anthroposophical Publishing Co., 1923.) Is. 


Bacteriology: Hygiene 

Crampton, C. W. The Pedagogy of Physical Train- 
ing: with Special Reference to Formal Exercises. Demy 
8vo. Pp. xv+257. (New York: The Macmillan Co. ; 
London: Macmillan and Co., Ltd., 1923.) 9s. net. 

Ellis, David. Practical Bacteriology for Chemical 
Students. Cr.8vo. Pp. viii+136. (London: Longmans, 
Green and Co., 1923.) 4s. 6d. net.* 

O’Shea, M. V., and Kellogg, J. H. Building Health 
Habits. (The Everyday Health Series, Book 1.) Cr. 
8vo. Pp. x+280. (New York: The Macmillan Co. ; 
London: Macmillan and Co., Ltd., 1923.) 4s. net. 

O’Shea, M. V., and Kellogg, J. H. Keeping the 
Body in Health. (The Everyday Health Series, Book 2.) 
Cr. 8vo. Pp. ix+311. (New York: The Macmillan Co. ; 
London: Macmillan and Co., Ltd., 1923.) 4s. 6d. net. 

Vaughan, Victor C., assisted by Voudun, H. F., 
and Palmer, George T. Epidemiology and Public 
Health: a Text and Reference Book for Physicians, 
Medical Students and Health Workers. In three Roy. 8vo 
vols. of about 700 pageseach. (Soldinsets only.) Vol. IT: 
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The Ether and Electrons. 


Supplement to NATURE 


AUGUST 4, 1923 


By Sir Oxiver Lopce, F.R.S. 


PRELIMINARY. 


HAVE been asked to speak on possibilities of 

| research in pure physics, and I rejoice that 

‘ttention has always been paid to the vital importance 

of pure science in an Institution the backbone of the 

vork of which must be of a metrical character connected 

‘ith industrial applications, and much of it necessarily 
ubject to routine. 

The main lines on which physics has recently and 
is still so rapidly advancing are well known. There 
is no need to direct attention to such inquiries as are 
the direct outcome of radioactivity, in its various 
forms spontaneous and induced: problems which 
range from atomic investigations like those which 
go on in the Cavendish Laboratory, through X-ray 
and ordinary spectrum analysis, down to the various 
devices of wireless telegraphy. In all these things 


_ there are among the members of the staff of the National 


Physical Laboratory, and on the Governing Body, 
more than competent advisers. 

{ must just deal with such ideas as have been occupy- 
ing my attention of late. I have found it interesting 
recently to look up some forgotten remarks of my 
own—made soon after a National Physical Laboratory 
was decided on, but before it.was founded—in the 
preliminary portion of a presidential address to the 
Physical Society of London on February 10, 1899, 
as reported in the Proceedings of that Society, vol. xvi. 
Part VI., June 1899. Among other things there 
relerred to, is a suggestion by FitzGerald that circularly 
polarised light sent through an absorbing medium 
might constitute it a magnet—a discovery not yet 
made. I see there also a reference to a Blue-book of 
1898 recording a Government conference about the 
founding of this Laboratory. Sir Richard Glazebrook 
has also kindly directed your attention to my address 
to Section A of the British Association at Cardiff in 
1891, in which the foundation of a Nationa] Physical 
Laboratory was specially advocated. 


' From an address on ‘‘ Some Possibilities for Research in Pure Physics, 
ecially on the Ether,’’ delivered to the staff of the National Physical 
Laboratory on March 14. The first section of the lecture is omitted for lack 
ot space. It dealt with possible research in boundary or overlapping regions 
* specific sciences, and on the relation between physics on one hand, and 
Lemistry, physiology, and biology on the other. This section, and one 
iving further details about the —— of a renewed attempt to detect 


°. to Legere an ether flow along lines of magnetic force, will be published 
sewhere, 


ae 


PROPERTIES OF THE ETHER. 


The question of what constitutes a distinction 
between physics and chemistry is difficult to decide, 
but in general it may be said that chemists deal 
chiefly with static relations and groupings, while 
physicists are more inclined to treat phenomena 
kinetically. Another clear distinction, at any rate 
at present, between these two sciences is that one 
deals with matter only, and the other deals with the 
ether also. It seems that the electric charge is the 
unifying or connecting entity between matter and 
ether. Uncharged matter appears to have no effect 
on ether at all. But its charged particles, or electrons, 
in so far as they quiver or rotate, do disturb the ether 
and generate waves in it. Moreover, if they revolve 
or travel, as by locomotion, they generate magnetism 
in it; and even when they are stationary, they 
generate in it or rather are inevitably accompanied 
by what is called electric force. That is, they appear 
to attract or repel each other froma distance. Further- 
more, for some reason—which I and some others think 
to be residual electric or possibly magnetic attraction, 
—they exert over minute ranges the force known as 
cohesion, which again must be exerted entirely through 
the ether, since particles of cohering matter are not 
in contact. And again they exert, even at the most 
enormous distances known to astronomy, the minute 
residual force known as gravitation ; which in the case 
of bodies of astronomical size amounts to a force of 
gigantic magnitude. 

Light, magnetism, cohesion, gravitation,—all these 
are affairs of the ether, and are all studied in physics. 
A superstition has recently arisen that the ether is 
an exploded heresy, and is unnecessary; but that 
is an absurd misunderstanding. The theory of 
relativity says nothing of the kind. As a mathe- 
matical method it need not mention the ether, any 
more than Laplace in his “System of the World ” 
felt that he need mention the Creator. He was 
entirely within his rights in ignoring the Deity ; and 
so is a relativist in ignoring the ether ; at least when 
neither attempts to philosophise on that basis. For 
ignoring a thing is not the same as putting it out of 
existence. Extinction is as impossible to us as 
Creation. We have to take things as we find them: 
and we find ourselves imbedded in ether and matter. 
So we had better make the best of it. 


PRESENT KNOWLEDGE ABOUT ETHER. 

How much do we know about the ether, and how 
much is it possible to ascertain? We do not know 
as much as we ought, but we know a few things ; 
and we hope by further investigation to know more. 
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Unfortunately, the ether is a very perfect, elusive, 
highly-endowed substance, which makes no direct 
appeal to any of our sense organs. Accordingly, it is 
only investigated with some difficulty; and _ its 
properties are so different from those of matter that 
very elaborate and expensive arrangements have to 
be made in order to cope with it. Even when we have 
made those arrangements, it may decline to give an 
answer, and the result may be negative. Still, a 
truly negative result is samething definite, and is better 
than nothing. But every positive result is of extreme 
value. Let us summarise the results we already 
know. 

First of all, we know that the ether can transmit 
waves at a definite and finite speed of 300,000 kilo- 
metres a second. Next, that those waves are electro- 
magnetic, with the electric and magnetic vectors at 
right angles to each other, and in the same phase. 
We also know that the superposition of related electric 
and magnetic vectors in the same phase results in 
propagation with the speed of light. 

Then we know that light cannot be transmitted by 
conductors of electricity, which act like a solution 
of optical continuity. Furthermore, inside a trans- 
parent body light travels more slowly than in free 
space, showing that the ether is affected somehow 
by the neighbourhood of matter ; the amount of this 
affection being sometimes called the refractive index, 
which is the measure of the retardation experienced 
by light, and sometimes, from another point of view, 
the dielectric coefficient. 

We further know that if transparent matter is 
moved in the direction of the light inside it, a certain 
fraction of its velocity is added to the light—added 
of course algebraically. Thus demonstrating, not 
that matter has any power of conveying light—which 
it has not—but that some influence or reaction on 
the ether belongs to the matter and travels with it ; 
that influence being just the one which effected the 
retardation and is responsible for the refractive index, 
the fraction of added velocity being, as surmised by 
Fresnel, 1 — 1/p?. 

We also know, from certain experiments conducted 
by myself, that this property of matter does not 
extend in the slightest degree beyond its boundary ; 
so that however fast matter is moving, light just 
outside it is not affected at all. Or, as we may express 
it, matter has no power of carrying the ether with it. 
The ether has nothing of the nature of viscosity. 
If a fluid at all, it is a perfect fluid. Not even if the 
matter is charged or magnetised does the influence 
extend beyond its boundary so as to affect the stream 
of light close to it. (See Phil. Trans. 1893 and 1897.) 

Yet inside transparent matter the phenomena of 
light show that the ether must be modified in many 
ways, giving rise to all manner of crystalline effects 
—the optics of crystals—and the various phenomena 
of polarisation ; especially that interesting one dis- 
covered by Faraday, that the plane of vibration is 
rotated, in one direction or another, by even non- 


crystalline and fluid matter when immersed in a. 


longitudinal magnetic field : and those other phenomena 
discovered by Kerr, all of which may be summed up 
under the names elliptic and rotatory polarisation. 

It is easy enough to say that light is retarded to 


a definite extent by transparent matter, but the 
complete theory of it is not so simple. Something 
about it will be found in the writings of Sir J. f. 
Thomson. All the phenomena of dispersion and 
anomalous dispersion must be taken into account 
if we would understand the inter-relation between 
matter and ether. 


NEw EFFECTs. 


Not long ago the interesting phenomenon was 
discovered by Prof. Richardson that the act ot 
magnetisation rotates a piece of iron, and a quantita- 
tive investigation of this delicate effect has been 
made recently by Prof. Chattock and Mr. Bates. | 
understand that a converse effect has now also bee: 
observed by Mr. Barnett, namely, that rotating « 
piece of iron magnetises it. I remember making ai: 
attempt to discover such a phenomenon long agy 
at University College, London ; but I found nothin: 
securely. Capricious and spurious effects were difficul| 
to avoid, and I suppose I had not sufficient perseverance. 
We knew nothing in those days about electrons 0: 
their orbits, though we felt that there was somethiny 
rotatory about magnetism ; nor was it more than « 
suspicion that electricity itself might possess a trac: 
of inertia, in addition to the recognised ‘quasi-inerti:: 
of self-induction. Modern skill may have been abk 
to overcome the difficulties inherent to such an experi 
ment, but caution is desirable, since it is not clear 
why rotation should develop one polarity rather than 
another, if the atomic arrangement were truly random. 

There is more to be got out of the original discover, 
by Richardson than has yet appeared—and I ventur: 
to predict that we have by no means heard the las! 
of it. The Zeeman effect seemed small at one time ; 
and if it be said that the Richardson effect could hav 
been anticipated, I reply that Larmor anticipated 
the Zeeman effect ; though it is true he did not expect 
the right magnitude, because the mass of the particle 
responsible for radiation was not then known. The 
quantitative relations of the Zeeman phenomenon 
clearly showed, for the first time, that the radiating 
particle was one of electronic and not of atomic mass. 

I mention these two apparently disconnectc« 
phenomena together advisedly ; for while the orienta- 
tion or precession of electronic orbits in gases account 
for the Zeeman effect, the orientation of electronic 
orbits in iron accounts for the Richardson effect. 
Both are small, but the Zeeman effect is the smaller 
of the two ; it needs the appliances of spectrum analysis 
for its detection. It is far bigger than it would have 
been if the atom had been the radiating element 
instead of the thousand-times smaller mass of the 
electron. As to the Richardson effect, it is surprising 
that it has been observed and measured at all, for thie 
smallness (in mass) of the electron is no help to that ; 
and the detected reaction is not something optical 
or etherial, but the gross movement of a mass of 
ordinary matter. Not much movement, truly, 
quartz fibres must be used of course, and plenty « 
refinements ,—but still a material movement is observ: 
as the result of orientation of electronic orbits ; and 
that is noteworthy. Reaction of radium from atomic 
projectiles was observed before, and reaction of radio- 
meter vanes too ; but alpha rays are atoms, and these 
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effects are connected with atomic bombardment ; 
so in that respect they differ from the effects just 
mentioned. 

I would liken the Richardson effect in some respects 
more to the Lebedew and Nicholls and Hull detection 
of the pressure of light, as suggesting an etherial 
reaction on ordinary matter. 

Referring to this light-pressure; it is so small 
that Crookes failed to detect it, just as Faraday failed 
to detect the Zeeman effect with the appliances of 
his day and without a Rowland grating ; but the most 
trivial fact, so it be a fact, is of enormous and may be 
)f cosmic importance. Poynting invoked light-pressure 
to account for cometary and other astronomical 
results; and now Eddington calls upon it to sustain 
the Atlas-like burden of holding up the billions of 
tons of superincumbent material which constitutes the 

rust or envelope of a giant star. An amazing applica- 
tion of the (terrestrially) alrnost infinitely small. 

Parenthetically, in using the term  so-and-so’s 
“ effect,” I do so under protest. This personal kind 
of nomenclature should be temporary, and not outlive 
the generation of discovery. This kind of naming 
began with either the Doppler or the Peltier effect, 
and was right enough when novel effects were few ; 
but now that they constitute a multitude, we older 
folk are apt to get confused among the plentiful crop 
which the more fortunate youngsters are continually 
evolving. Prof. Richardson is entirely free from 
blame, for he calls his discovery a gyro-magnetic 
effect ; which is explicit and satisfactory. 


THE PosiTIVE ELECTRON. 


Before leaving this part of the subject I should 
like just to direct attention to what I have written 
in Nature for November 25, 1922, p. 696, that 
we have not yet securely discovered the positive 
electron. The proton has to serve that function for 
the present, but what the constitution of the simplest 
known nucleus of an atom is, remains to be determined. 
Something is known about the proximate or apparent 
constituents of some heavier atomic nuclei, though 
not much, but nothing at all of the constituents of 
the nucleus of a hydrogen atom. It may be an 
indivisible particle so small and concentrated as to 
have a mass 1800 times that of a negative electron ; 
but to me it seems unlikely that this is the right solution. 
It may, on the other hand, be built up of a stable 
grouping of hypothetical electrons both positive and 
negative,—each one being like a mirror image of the 
other. If so, it remains to be explained why the 
outstanding charge of all atomic nuclei is apparently 
positive, and whether that is accurately true. All 
I advocate is to keep the door open for further investiga- 
tion, and to persevere with the quest of the positive 
electron by any methods that may suggest themselves. 

Why negative electricity should differ from positive 
so greatly, or in any respect save in sign, is not at all 
clear; and it is difficult to understand how one of 
these entities can have been constructed out of the 
ether, without the simultaneous production of its 
opposite partner. 


ELECTRICAL THEORY OF MATTER. 


The mechanics of the ether are not yet known ; 
and until we have devised some system of mechanics 


which applies, not in a blindfold, but in a clear and 
lucid, manner to the behaviour of the ether, we must 
remain to some extent in the dark. Here, then, is 
scope for experiment. At present we are using ether 
waves to examine the properties of matter, the structure 
of crystals, the structure of molecules, and even the 
structure of the atom. But we must go on in due 
time to use these phenomena for an investigation of 
the ether itself. We know that movement of matter 
does not affect the refractive index nor the polarising 
properties of that matter. But we know that if 
matter is moving fast enough, it tends to carry some 
ether with it, and thereby adds to its own inertia to 
a known and predicted extent. We also know that 
inertia itself is a magnetic and therefore etherial 
phenomenon. The way in which J. J. Thomson, 
Heaviside, and Larmor have worked out the electrical 
relations between ether and matter, as regards inertia, 
changes of inertia with speed, and radiation consequent 
on acceleration, has been a marvellous achievement 
of our time, of which quite inadequate popular notice 
has been taken. Still there it is. They have laid the 
foundation of the Electrical Theory of Matter, and 
have opened up a way for our descendants to explain 
nearly all the properties of matter in terms of the 
ether, and possibly the very existence of matter itself. 

We do not yet know how an electron is composed. 
We know still less—if that is possible—how a proton 
is composed. But that they ultimately will turn out 
to be etherial structures of some kind is possible and, 
as I think, probable. 

Meanwhile we know that not only the mass of 
bodies, but their shape, is affected by motion through 
the ether ; this was demonstrated by that great experi- 
ment of Michelson’s, which I regard primarily as an 
experiment on matter by means of light, and not an 
experiment on light by means of matter. It may 
hereafter be regarded by a sensible though preposterous 
historian—that is, one who puts the cart before the 
horse—as the first and only verification of the Fitz- 
Gerald-Lorentz theory of modified electrical cohesion, 
or peculiar interaction between moving particles. It 
has been used as the foundation of the Theory of 
Relativity. But that is an ingenious offshoot or 
excrescence. I should like everybody to realise that 
the Electrical Theory of Matter had already accounted 
for nearly all the things which drop out so naturally 
from the theory of relativity: such as the increase 
in mass, the FitzGerald contraction as a reality, the 
Fizeau effect on light ; even an extra revolution of 
the axes of a planetary orbit, unless gravitation itself 
is modified by motion. (See several Articles in the 
Phil. Mag. between August 1917 and June 1918, by 
Prof. Eddington, G. W. Walker, and myself ; beginning 
with page 81 of vol. 34, and with conclusions sum- 
marised on pp. 143, 482, and 486 of vol. 35.) The 
Electrical Theory of Matter may conceivably be made 
to account for the two other as yet incompletely 
verified gravitational effects so brilliantly predicted 
by Einstein. But that remains to be seen. 


PossIBLE EXPERIMENTS. 


Limits of space will not permit me to deal here with 
the possibility of an experiment to determine whether 
there really is etherial circulation along magnetic 
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lines of force ; attention may be directed, however, 
to papers describing my early attempts at such experi- 
ments, as partly described in the Philosophical Magazine 
for April 1907 and May 1919. In making experi- 
ments on the ether we must recognise that what we 
set out to look for we may not find: but we can 
also remember that careful and conscientious experi- 
ment, conducted with good apparatus, must lead us 
somewhere, and may result in a discovery exceeding 
in importance and interest any property we had 
set out to examine. 


Kinetic ELastIicity. 


The contrast between the kinetic and the static 
mode of regarding things runs all through physics. 
Most physicists are imbued with the more fundamental 
character of a kinetic explanation, and never feel 
really satisfied with an explanation in terms of static 
or potential energy. Of the two kinds of energy, 
kinetic appears to them the more fundamental kind. 

So, as we all know, Lord Kelvin tried to explain 
the elasticity of a spring balance, or any spiral spring, 
by means of gyrostats, or spinning tops. He was 
able to devise, at any rate theoretically, two concealed 
mechanisms, one of which was static and the other 
kinetic; that is to say, one of which contained a 
spiral spring with a protruding hook at the end, while 
the other contained a precessing system of gyrostats, 
also with a protruding hook. The observer was 
challenged to hang things on the hook, or to feel its 
recoil, and to say which was which. Or, in more 
general terms, Lord Kelvin endeavoured to devise 
a kinetic theory of elasticity. His famous theory of 
the vortex atom, in which he tried to explain some 
of the properties of atoms in terms of vortex rings 
and their collisions and interactions, was of this nature. 
It was extended by J. J. Thomson at an early date 
into almost chemical regions, in his early Adams’ 
prize essay. 

In his later life, Lord Kelvin was inclined to abandon 
this view of elasticity as regards solids ; and his vortex 
atom declined to satisfy either him or others, on 
further development. But none of these ideas should 
be completely abandoned. In so far as they success- 
fully illustrated any of the properties of matter, 
they are worthy of consideration. Although we now 
know that the atom is not a vortex ring, or any- 
thing like it, I would challenge any one to say the 
same of an electron. The electron has become the 
fundamental material unit: and what its constitu- 
tion may be, we none of us know. It must be in 
close relation with the ether, and must ultimately, 
as I think, be explicable in terms of the ether. But 
the fundamental properties of the ether are too little 
known at present to enable this to be done. We 
cannot say whether the electron is to be explained 
statically as a knot or other geometrical configuration 
or strain centre, on one hand, or as some kind of 
circulating or vortex movement on the other. The 
constitution of the electron remains for discovery, 
in spite of all the work of Larmor on the subject in 
his brilliant book ‘‘ Ether and Matter,” and other 
papers imbedded in the Phil. Trans. If it should 
turn out that an electron can be thought of as a knot 
or any kind of static strain, then I for one feel that 


that cannot be regarded as an ultimate explanation, 
though a most useful approximate one, and that the 
strain will have to be resolved into or accounted for 
by some kind of etherial vortex motion. 

Not only have the electric and magnetic forces 
belonging to an electron, respectively at rest and in 
motion, to be explained ;. but also the slight residual 
strain depending on the square of the charge, and 
therefore irrespective of sign, which we call gravitation, 
has in a complete theory to be explained also. For 
few can doubt, I think, that gravitation must now 
be regarded as a function of the electron and the 
proton, that it is not something which springs into 
being when these units are associated so as to con 
stitute an atom of matter; it is unlikely that the 
tight packing of a large number of hypothetica! 
positive and negative units in the proton could 
account for it. More likely gravitation will turn out 
to be an etherial phenomenon explicable in terms 0: 
the beknottedness which distinguishes the singular 
point of an electron from the rest of the ether. The 
rest of the ether is not affected by gravity, bu' 
possesses qualities akin to what in mechanics we cal! 
elasticity and inertia. Otherwise the unspecialisec 
ether of space could not transmit radiation, or sustain 
a magnetic field—as we know it does. For it is 
necessary always to remember that though electric 
lines of force terminate on material units, most 0! 
their course lies in undisturbed ether: while magneti: 
lines of force do not terminate at all, but are alway: 
closed curves, surrounding electrons in motion, but 
themselves existing, I presume, wholly in the ether, 
and showing every sign of being essentially a kineti 
phenomenon, demonstrative of inertia. 

Inertia itself I see no way of explaining in an) 
fundamental manner. It seems to be a propert) 
that we must postulate as existing in the ether,—« 
property akin to density ; though it is true we can 
explain the inertia of matter—that is, of any materia! 
unit—in terms of the concealed magnetic fields in- 
evitably associated with its motion. 

To leave these more transcendental regions for the 
present, we may recall that although the kineti« 
theory of elasticity has hitherto failed to develop i) 
connexion with solids, it holds perfectly for the casc 
of gases. The elasticity or recoil of compressed air 
used to be thought of as analogous to the recoil of an 
elastic spring. But Waterston first, and then Joulc 
and others—including especially Maxwell and Clausius 
and Loschmidt,—explained it brilliantly, together 
with many other of the metrical properties of gases, 
as the result of molecular motions and bombardment ; 
so that it has become a familiar and elaborate theory 
—the Kinetic Theory of Gases. Hence, in that for: 
of matter about which we know most, the kinetic 
theory of elasticity holds the field. 


RADIATION AND MATTER. 


Now come a series of questions which it is difi:- 
cult to formulate precisely because of our inadequa ¢ 
knowledge, and concerning which we must make t!° 
best of the hints which from time to time are afford«.| 
us by Nature,—questions which are mainly concerne(| 
with the nature of radiation, and with the interactions 
between ether waves and ordinary matter. 
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It is unnecessary to point out in the first instance 
that light is now known to exert pressure, and there- 
fore to convey momentum. An advancing wave-front 
possesses momentum, which it can transmit to any 
obstacle which either reflects or absorbs it. If reflected, 
ihe pressure it exerts is double what it exerts when 
absorbed ; all quite in accordance with common sense. 
Sut I rather want to concentrate attention on the 
state of things when the wave-front is advancing— 
it may be for hundreds of years—through so-called 
empty space. It carries with it a pressure equal to 
the energy per unit volume. If the Third Law of 
Motion is true without exception,—and it is surely 
politic to assume the truth of that law until it is 
negatived,—there must be a longitudinal stress in 
that stream of light, with a reaction on the source 
at one end and on the advancing wave-front on the 
other. 

The source is always something material. . Light 
can only emanate from an accelerated—that is, from 
a revolving or vibrating—electron. Hence, at that 
end the reaction has a material basis, in accordance 
with the customary experience that a line of stress 
must stretch from one piece of matter to another. 
But what happens at the other end? When it 
encounters matter, the reaction is exerted on that 
matter, and everything is plain sailing. But while 
it is advancing in free ether, what is it that sustains 
the reaction? We can only answer, the wave-front. 
The wave-front cannot sustain it statically. It can 
only do so by advancing at the speed of light. But 
it is remarkable and worthy of note that in this 
particular the advancing wave-front simulates one of 
the properties of matter, namely, the power of sustain- 
ing stress. 

Now to me this is very suggestive. We do not 
know what precisely is the kind of motion occurring 
in the associated electric and magnetic vectors which 
are travelling with the speed of light. We do not 
know the kind of motion associated, more statically, 
with an electron. But the guess is almost forced 
upon us that possibly these two kinds of motion are 
not entirely distinct. We could not say that perhaps 
they are one, and not two; for there are certainly 
differences between them. One must advance; the 
other may stay still. But is it possible to regard one 
as 4 consequence, or as a generator, of the other ? 

‘The electron generates light. 

Does light generate an electron ? 

(I am using the term “ Light” in a very general 
sense, not limiting it to the physiological kind which 
excites the sense of vision, but including X-rays, and 
all other forms of short wave radiation.) 

What do we know about the effect of this kind of 
radiation upon matter ? We know that it can produce 
the irregular movements that we call heat, and also 
that it can stimulate chemical action. But the 
discovery of photoelectricity shows us that it may 
domore. It may fling out an electron, with a surprising 
amount of energy, dependent upon the frequency, 
that is, upon the wave-length, of the incident radiation. 
This is a hint not to be ignored. Nor is it ignored ; 
and there must have been many speculations as to the 
kind of way in which it achieves this result. One 
would naturally suppose at first that it must do it 


by means of resonance, that is, by the accumulation 
of properly timed impulses, until an explosion occurs. 
But the evidence is, on the whole, rather against a 
resonance view; because the resuit seems almost 
independent of the intensity of the incident radiation, 
and to depend only on its wave-length. Nor does 
it seem as if a great length of radiation was necessary 
in order to produce the result : though this is a matter 
which requires further and more conclusive experiment. 
If a beam of light is interrupted and cut up into small 
sections—as might be done by a narrow slit in a very 
rapidly revolving disc,—would this intermittent light 
be equally effective? For if it is equally effective, 
the fact would tend against the continuous accumula- 
tion of a small synchronous disturbance. 

I believe that some experiments have been made 
in this direction, and that the answer—so far as it 
goes—is that intermittent is as effective as continuous 
illumination, and feeble light as efficient as strong. 
The energy falling upon a minute surface in a beam 
of diffuse light is insufficient to account for the 
energy of the resulting effect, unless it is a trigger 
effect. 

But this rather wants pressing to extremes. To 
cut up a beam of light into really short portions is 
not very easy. If a radial slit a millimetre in width 
is made in a disc a metre in diameter, revolving a 
hundred times a second, light sent through it is diluted 
and cut up into sections; but the length of each 
section is still about a mile, and accordingly would 
contain more than a thousand million waves,—which 
is amply sufficient for resonance. 

However, the evidence so far is supposed to negative 
the resonance idea: so much so that it has_been 
supposed that the wave-front is not a uniform surface, 
but a speckled one; that it is discontinuous ; and that 
the amount of energy concentrated in one of the 
specks may be vastly greater than would be reckoned 
on the diffuse or continuous theory. 

The idea of a speckled wave-front would have 
seemed to our scientific ancestors rather wild ; though 
it must be remembered that Newton, with his Corpus- 
cular Theory, was temporarily satisfied with something 
very like it. Nevertheless, the Corpuscular Theory 
had to be abandoned because of the artificial way in 
which it explained polarisation, and because it seemed 
to require that light should travel quicker inside 
matter than outside, instead of slower—as Foucault 
proved it to do,—and because there are real difficulties 
in explaining interference and diffraction, unless the 
wave-front is continuous. 

However, it does not do to turn down a theory too 
readily and prematurely, merely because we encounter 
a few difficulties. No hypothesis is wild which has 
attracted the serious attention of J. J. Thomson, 
and other brilliant physicists, including—as I think 
we must—even Faraday; as evidenced by his 
“Thoughts on Ray Vibrations” (“ Experimental 
Researches,” vol. iii. p. 447). 

Moreover, though these ideas, as we perceive them 
at present, may not be able to substantiate themselves, 
yet they are the outcome of observed facts; and it 
may yet be found that, in a modified and revolutionised 
form, they may contain elements of truth at present 
unsuspected. 
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WILBERFORCE MODEL. 


It may be said that if we depend on the pressure 
of light as conveying energy, it is a longitudinal 
phenomenon ; whereas an electron is probably a 
rotatory or rotational phenomenon. Or again, if we 
attend to the magnetic oscillation in the beam of 
light, and consider that the electric oscillation is 
separated from it, or neutralised, by matter, that 
still there is nothing of the rotational kind about it. 

One answer would be that circularly polarised 
light clearly has a rotational aspect. Another and 
more fundamental answer would direct attention 
to the transition, or interchange, that may go on 
between a linear oscillator and a rotational oscillator 
when they are of the same frequency, or properly 
attuned. 

In illustration of that, I would invite attention to 
the illustrative models constructed by Prof. Wilberforce, 
my successor in the chair of physics at Liverpool, 
which show that a continual interchange of energy 
between a linear vibration in one direction, and a 
rotational vibration in a plane at right angles, natur- 
ally goes on when the two modes are synchronous. 
Thus the energy alternately takes first one form and 
then the other ; and then back again, without inter- 
mission. 

Of course the dynamics of the model is thoroughly 
understood, and Wilberforce himself has explained it, 
that is, has recorded the relevant equations ;? and 
in that sense there is nothing puzzling about it, though 
its behaviour can be made to look rather paradoxical. 
But I feel that there is some meaning underlving the 
possibilities here indicated, which are not yet com- 
pletely exhausted, and that they may, when more 
deeply considered, throw some light upon the inter- 
action between electricity and magnetism—if that 
should still be necessary,—and possibly on the inter- 
action between ether and matter, and perhaps between 
waves and electrons, where more information is certainly 
necessary. At any rate, I regard the behaviour of 
the model as suggestive, and am content for the present 
to direct attention to it, from this point of view. 


ORIGIN OF ELECTRONS. 

Let us assume, then, for a moment that there may be 
some truth in the idea of a discontinuous wave-front. 
To what are we led? I should reply, that the motion 
in a wave-front seems more akin to the kind of 
motion that constitutes the discontinuous and isolated 
speck that we call an electron; and that the actual 
generation of an electron by means of light is not an 
altogether impossible idea. 

So I repeat the question : 

An electron suddenly set in motion generates light : 
does light when it is suddenly stopped generate an 
electron ? 

Sir William Bragg has often directed attention to 
the singular relation existing between X-rays and 
beta radiation. The impact of a beta particle emits 
X-rays. The impact of X-rays emits a beta particle. 
The energy of the original and the excited beta 
particle are so closely proportional as to be practically 
identical. It is as if the same beta particle, that is, 
the same electron, had gone out of existence at one 

2 Phil. Mag., October 1894. 


place, and been recreated at another, the intermediat: 
link being constituted by specific radiation of 
perfectly definite wave-length. 

There is no need to assert that one particle has gon. 
out of existence and the other come in; and yet w 
know of no reason for denying it. It may have t. 
be denied, but I think it wise to keep an open min 
on the subject, however bizarre the notion may he. 
There are strange relations between energy and matte; 
now coming to the front. Matter contains intrinsi 
energy, as if it were something circulating with th: 
velocity of light. There must be some meaning in 
this. The ratio c? between matter and energy is no: 
to be ignored. 

Somehow or other the ether possesses inertia. |i 
must, or it could not sustain magnetism, or account 
for the increase of inertia due to motion. The ether 
also contains an intrinsic and characteristic velocity, 
which is perfectly definite. It is known that the vibri- 
tions of vortices, and the speed at which a vortex 
medium can transmit transverse waves, are closcly 
connected with the constitutional velocity of rotation. 
The two velocities are in fact equal, or connected ly 
a numerical factor, of a magnitude which some theorics 
make 4/2, but other theories make unity. In any 
case the numerical factor is not far from unity. We 
are justified in supposing that if the ether is full o! 
circulatory motion, that motion must be practically 
the velocity of light. In that case, the fundamenta! 
nature of matter would appear to be giving up its 
secret ; and the relation between matter and energy 
would be explained. 

There does not then seem any insuperable difficulty 
about hoping that some future discovery will be able 
to generate matter, or at least to generate an electron, 
by aid of X-rays or other form of radiation. I can 
dimly conceive a theory of light which, when its advance 
was stopped, should terminate not in the irregular 
jostle called heat, but in the regular circulation or 
vortex motion that we call an electron. The intimate 
relation between energy and frequency associated wit! 
the quantum seems to me to negative the mere 
irregularity of thermal agitation, and to suggest 
something quite regular and constitutional. 

We can go further, and can reckon how much 
matter would be generated by a given amount of 
luminous energy, if none of it were wasted as heat. 
A beam of ordinary sunlight ten centimetres square 
shining continuously, and supposed to be all converted 
or interpreted as matter, would generate a weighal le 
amount, namely one-tenth of a milligram, in seventccn 
years. 

The density of sunlight near the earth is equivalent 
to 2x10~-) gram per second per square centime're. 
So if it were interpreted as matter, the earth would 
catch 80,000 tons of it per annum. Of course, some 
of it is wasted. Only radiation of the right frequeicy 
is effective, just as only energy of the right frequency 
is generated by a metrical impact. A lot of ‘he 
radiation may be due to irregular jostling, and this 
portion when absorbed may result in heat. But it 
is the more precise kinds of occurrence which «re 
instructive, and which must inevitably attract attention. 

I know that the Bohr Theory of the Atom sevms 
at first against these speculations. Electrons appear 
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to jump from one orbit to another, and thereby , 
give out a certain quantum of energy. But this may 
be a supplementary and not a contradictory state- 
ment. What makes the electrons jump? Which 
electron jumps out? Sometimes it is from the K 
ring, sometimes from the L ring; and so on. All 
those things may be known. But still I ask, What 
started the disturbance ? If an electron is generated 
by the impact of light, it does not follow that that 
particular electron is the one ejected. Its entry may 
be the means of ejecting another. Somehow or other 
the atom must get another, in order to restore its 
constitution. There are doubtless many ways in 
which a strayed electron could be recaptured ; and I 
venture to suggest that our speculation suggests one 
of them. 
PossIBLE UTILISATION OF WASTE RADIATION. 

lhere is an immense amount of radiation travelling 
about space. The whole amount of solar radiation is 
portentous. The fraction which the earth catches, 
though terrestrially so important, is but a minute 
fraction of the whole—less than the two thousand 
millionth part,—and it seems to have been going 
on for hundreds of millions of years. The radiation 
from many of the stars is greater. What becomes 
of all that radiation? Is it all waste? Space 
is so enormous that though thousands of millions of 
suns have been pouring out their energy for thousands 
of millions of years, space is no warmer. The ether 
is not warmed by it: the ether does not absorb it. 
The ether is perfectly transparent. Yet our instinct 
rebels against the idea that all this radiation results 
in nothing. Sir W. Siemens speculated as to its 
possible concentration by total reflection at an ether 
boundary. But I cannot imagine an ether boundary. 
I can more readily imagine that light results somehow 
in the generation of matter; and that there is a 
reciprocal interaction between matter and _ ether 
waves; so that each is generated by the other,—a 
sort of constant and perennial interchange. 

Electrons have come into existence somehow. The 
subject of origins usually lies outside science. The 
origin of matter is as beyond our ken as the origin 
of life; and yet people speculate about the origin 
of life. Some highly estimated men of science hope 
at any rate that some day the chemistry and physics 
of life may be so far understood that a highly complex 
assemblage of organic molecules may simulate and 
perhaps adopt its functions. I see nothing incon- 
ceivable in this. Life has originated somehow ; and 
if we can get to understand anything about its origin, 
the effort is legitimate. It may fail; but it would 
be a very superficial view of religion which resented 
its success. Mind dominates matter; and the mind 
of man is not altogether of a different order from the 
mind of the Creator. But this is a subject on which 
! could say more on a more suitable occasion. I only 
say thus much now in order to repel any idea of 
impiety in speculating on a possible origin for matter. 


HYPOTHETICAL CONVERSION OF RADIATION. 
The possibility that a small body may gradually 
grow in mass under the influence of an etherial trans- 
formation, does not seem one to be scouted without 


proper examination, The amount of matter scattered 


about in space is by no means inconsiderable, and the 
problem of its origin has never been attacked. Given 
matter, the origin of radiation has been more or less 
solved. But, given radiation, the idea of its con- 
version into matter has not, so far as I know, been 
mooted. Possibly the idea is erroneous. But inter- 
actions in Nature are so frequent, and the inter- 
relations between ether and matter are so ill understood, 
that I think we should not shut our eyes to the 
possibilities of some reciprocal interaction, even of a 
generative kind.® 

Sometimes I see the difficulties of the hypothesis ; 
sometimes I feel impressed with a sort of probability 
about it. It is easier to see the difficulties than the 
probabilities. But the relationship between energy 
and matter—connected as they appear to be with 
the second power of the characteristic ether velocity, 
and with the conception of an intimate fine-grained 
rotational structure for the ether—is not a hint that 
should be too lightly ignored or neglected. 

Electrons build up matter. What builds up 
electrons ? They are somehow intimately connected 
with the ether; their motion through it displays to 
us the phenomenon of magnetism ; and their accelera- 
tion generates waves. So far, we are on firm ground. 
When we come to the converse or reciprocal relations, 
we have but few facts to stand on. But the emission 
of electrons by means of light is one of them; and 
the bearing of this fact, until it is properly understood 
inevitably justifies speculation. 


PREVIOUS GUESSES. 

When I say that the idea of reciprocal conversion 
has not been mooted, I am going beyond the facts. 
In Loring’s “ Atomic Theories,” page 80, I find the 
following sentences : 

“Thus it would seem that the energy phenomena 
are reversible, so that the radiation is as it were con- 
vertible into moving electrons and moving electrons 
are convertible into radiation. It is of course only 
the energy which is thus convertible. The mechanism 
of conversion is not, however, known.” 

Again, in Millikan’s book “ The Electron,’ when 
speaking of Barkla’s discovery of the remarkable 
absorbing property of matter for X-rays, he says : 

“Tt will be seen from these photographs that the 
atoms of each particular substance transmit the general 
X-radiation up to a certain critical frequency, and 
then absorb all radiations of higher frequency than 
this critical value. The extraordinary significance of 
this discovery lies in the fact that it indicates that 
there is a type of absorption which is not due either 
to resonance or to free electrons. But these are the 
only types of absorption which are recognised in the 
structure of modern optics. We have as yet no way 
of conceiving this new type of absorption in terms of 
a mechanical model.” 

Sir William Bragg, in Nature (1921), vol. 107, 
p- 79, with reference to the experiments of Duane 
and Hunt, says: “ Exactly how this strange transfer 
of energy from one form to another takes place we do 
not know: the question is full of puzzles.’ He has 
several times urged the extraordinary character of 
the fact that a stream of radiation excited by the 

3 Cf. letter in Nature, May 26, 1923, p. 702. 
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impact of one electron, after travelling a long way 
and becoming greatly enfeebled, can eject another 
electron with the same or nearly the same energy 
as the first. Facts such as these have suggested 
the discontinuous nature of a wave-front, and the 
actual concrete existence of discrete tubes of force, 
which are apparently analogous to, or suggestive 
of, vortex filaments in the ether. Again, there is 
the fact that the electrostatic potential energy of a 
charge is similar to what the equivalent mass would 
possess if it were moving with the speed of light. 
Also, @ propos of this, I understand that Sir J. J. 
Thomson has expressed himself thus : 

“When the energy of a system passes from kinetic 
into potential, there need be no transformation of 
fundamental energy, but merely the flow of a mass- 
producing material, with its intrinsic kinetic energy, 
from one position of space to another, under the 
guidance of the lines of electric force.” 

In accordance with a few other physicist’, Thomson 
has been led to postulate a fine-grained structure for 
the ether, which I think rotational, but which he speaks 
of as particles. He suggests that mass is made 
up of identical particles all of the same kind, very 
small compared even with an electron, moving with 
the velocity of light, and subject only to a deflecting 
acceleration, not to any change of energy ; the mass 
and energy of each particle being constant, but their 
distribution depending on the number or concentration 
of lines of force, each line being as it were anchored 
normally to positive and negative electrons, but 
capable of being thrown by motion into loops or 
closed curves, which would then move away with 
the velocity of light and constitute radiation. Where- 
fore it would follow that emission of radiant energy 
must be accompanied by a diminution in the mass 
of the radiating body. 

The converse, therefore, that absorption of radiant 
energy might be accompanied by an-increase in mass, 
almost naturally follows. 

My presidential address to the Physical Society of 
London on the subject of opacity, that is, on the 
orthodox theory of absorption generally,—electrical 
as well as optical,—is contained in the Phil. Mag. for 
April 1899, and also in the Society’s Proceedings ; 
in the latter place it is preceded by preliminary 
matter not irrelevant to the present discussion. 


MECHANISM OF ABSORPTION AND EMISSION. 

To understand the mechanics of absorption we can 
learn from the mechanics of emission. In a wave 
the electric and magnetic vectors are simultaneous ; 
that is, the electric and magnetic displacements exist 
together, superposed. At a source they are only 
coexistent in space, not in time; one succeeds and 
gives rise to the other, with successive alternations. 
A source may be at rest, and is merely an alternator : 
a wave is necessarily in motion. The relative phases 
of electric and magnetic oscillations in the neighbour- 
hood of a source determine the fact and the direction 
of motion at each locality. Combined in one phase 
they expand or advance, combined in another phase 
they contract or recede; all this is known to occur 
near the source, that is, near a Hertz vibrator. In 


that region, within a radius of A/24/z, the etherial 


disturbance oscillates to and fro; and beyond tha 
range a portion of the energy acquires its locomotiy: 
character, and sets out with the velocity of light. 

Shall not the converse take place when this spee:! 
of propagation is annihilated, and.the ether disturbanc: 
is reduced to locomotive rest, within a similar rang: 
near an absorber? In that region the simultaneou; 
electric and magnetic disturbances would be separate«, 
and converted into a stationary oscillation, by a proces 
inverse to that of radiative emission. 

Considerations of this character are indicated |. 
me more quantitatively in the Phil. Mag. for June 
1913, pp. 770-788, and in February 1920, p. 173; 
also in April 1921, pp. 555-557, where I endeavour 
to associate the ultimate fate of radiation with a kin 
of Einsteinian gravitational theory. It there turns 
out to be necessary to examine electrically the essenti«| 
nature of absorption ; and the illustration or analo: y 
with a Hertz vibrator, as either source or sink, ‘s 
-employed. I return to the subject in June 192), 
Pp. 943, and again in July 1921, pp. 181-183; thoug): 
in the last paper the chief point is the disintegration 
of atoms which is to be expected at a certain calculate:| 
very high temperature—such as has since been con- 
sidered by Prof. Eddington likely to occur in the 
interior of giant stars. 

Eddington has taught us—at any rate hypothetical], 
—that in the interior of giant stars, where the tempera- 
ture is excessive and the radiation powerful beyon: 
easy imagination, the substance of the star is dis- 
tended, blown out, supported, as it were, by radiation 
bombardment, as the skin of a football, or an india- 
rubber tyre, is distended by the molecular bombardmen: 
of the air inside. He has further speculated, so | 
understand, that the interior of these stars may 
constitute a laboratory in which the more complex 
atoms can be built up,—those same heavy atoms 0! 
which we have now at length begun to witness thie 
breaking down, under the operations of spontaneous 
radio-activity. There cannot be breaking down every- 
where: there must be building up somewhere. We 
do not yet know what can be accomplished under 
conditions of extreme heat and pressure,—nor, I may 
add, under conditions of great pressure combined 
with extreme cold. 

It may be said: the analogy fails, since what I am 
trying to suggest is the generation of electrons, and 
we nowhere know of the breaking down of electrons. 
That is true: we do not know either of their breaking 
down or their building up. It may be that we shall 
discover the untying of an electron first ; or it may |e 
that we shall discover a tying-up first, and the untying 
later. Orit may be that, once tied, they are permanent. 
Or of course it may be that they cannot be tied. But 
these questions seem to me all open. The time {vr 
discovery is not yet ; but he would be rash who wou!d 
say that discovery in any particular region is impossil)'. 
If there are any clues, it is the privilege and indecd 
the duty of science to follow them up. If the clues 
are imaginary and, useless, then open discussion w'll 
demonstrate their futility. But if we can see any 
distance, however dimly, into the unknown, then 
sooner or later we may be sure that pioneers will 
explore those dim regions until they are illuminat«d 
with the searchlights of systematic knowledge. 
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The Adaptational Machinery concerned in the Evolution of Man’s Body.! 
By Prof. Sir ARTHUR KeitTH, F.R.S. 


INTRODUCTORY. 


ELEOLOGY, a word so familiar to readers of 
the works of Archdeacon Paley and of Sir 
Charles Bell, has disappeared from the vocabulary of 
scientific men. Darwin killed it; he put an end to 
natural theology and to Bridgewater treatises. Yet 
all those wonderful contrivances which Paley culled 
from the animal kingdom remain true ; they are facts 
which have to be explained. The human hand is, as 
Bell maintained, a most effectively designed structure ; 2 
a modern evolutionist can still study with profit the 
account he gave of the mechanical contrivances to be 
seen in every part of the human body.® Modern 
discovery has served but to heighten our sense of 
wonder at the ingenuity which Nature has lavished on 
the human body. The means she has installed for 
fighting infection and internal disorders are almost 
beyond belief. In complexity and in efficiency of 
design the human brain far excels any invention or 
organisation the most fertile imagination of man has 
yet conceived. Engineers, in designing all their con- 
trivances, ensure stability during emergencies by 
allowing a “ factor of safety”; in all systems of the 
human body the “factor of safety” is more than 
ample. In this respect the human body has been 
made almost “ fool-proof.” 

If, then, teleology has disappeared from our evolu- 
tionary vocabulary, its substance remains ; we have 
still to find a rational explanation for the manifest 
contrivances of the human body; a “doctrine of 
adaptation to purpose” is still a necessity. The 
followers of Paley had an easy task; they had but to 
wave a theological wand, and the origin of all of 
Nature’s contrivances was instantly explained. But 
we followers of Charles Darwin have a much more 
laborious undertaking in front of us; we have to 
discover and demonstrate in the body of man, in the 
developing embryo, and in the growing child the 
actual machinery which has wrought its marvellous 
and purposive organisation. In this lecture, given in 
memory of Huxley at his old hospital and school, I 


1 The r2th Huxley Memorial Lecture, delivered at Charing Cross Hospital 
Medical School on June 27. 

* The Hand, its Mechanism and Vital Endowments as evincing Design, 
London, 1833. 

* Illustrations of Paley’s ‘‘ Natural Theology.”” An Appendix to Lord 
Brougham’s edition. 


propose to see how far modern discovery has revealed 
the nature of the adaptational machinery of man’s 
body. 

HuxLEyY AS HuMAN ANATOMIST. 


Of all the men who stood round Darwin as helpful 
critics, Huxley has come out best ; time has upheld 
his judgments and shown that when he doubted he 
had the intuition of genius. His opinions concerning 
the evolution and adaptations of the human body are 
of particular value, for, at two periods of his career, 
he was a close student of human anatomy. The first 
of these was spent in this school, from 1842 to 1846, 
when he passed from his seventeenth to his twenty- 
first year, and qualified for the practice of medicine. 
Then, after sailing the high seas of zoology for a dozen 
of years, he again made the human body one of his 
main themes of interest, and it remained so for a period 
of fully twelve years—from 1858 to 1871—when he 
again returned to the larger problems of zoology and 
evolution. No doubt his return to the study of 
man’s body in 1858 was to correct certain doctrines 
which Owen was promulgating concerning it, and to 
support Darwin’s “Origin of Species,” which was 
issued at the close of 1859. 


HuxLey ON TELEOLOGY. 


How, then, did Huxley explain the origin of those 
excellent contrivances in the human body which had 
commanded the admiration of so many generations of 
anatomists ? It was not until 1876, when he was in 
the fifty-first year of his age and at the zenith of his 
intellectual power, that he gives us a glimpse within 
his mind and permits us to see how he viewed teleology 
—the science of adaptation. In the early spring of 
1876 he gave a lecture in Glasgow, selecting “ the 
hand ” as his subject—the text which had served Sir 
Charles Bell for a Bridgewater treatise. How had 
man come by his hand? By what evolutionary means 
had the clumsy climbing anthropoid hand become the 
dexterous grasping hand of man? If Huxley had 
believed, as Lamarck, Spencer, and Darwin did, that 
“functionally wrought ”’ modifications could become 
hereditary—that a simian stock, were it to use its arms 
and hands as man now uses his, would in the course of 
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many generations come to have human hands and 
arms—then the evolution of the human hand was a 
comparatively easy problem. At no time of his life 
did Huxley believe that the effects of use or disuse did 
become hereditary. In 1890 he wrote:* “I absolutely 
disbelieve in use-inheritance as the evidence now 
stands.” 

Having thus rejected the only known means by which 
useful or purposive modifications of the body can be 
brought about, we turn with some degree of curiosity 
to his lecture in Glasgow ° on the evolution of the hand. 
The exact title which he gave te his discourse was 
“On the Teleology and Morphology of the Hand.” 
This is how he approached the problem of adapta- 
tion : 

“To be a teleologist and yet accept evolution, it 
is only necessary to suppose that the original plan was 
sketched out—that the purpose was foreshadowed in 
the molecular arrangements out of which the animals 
have come.’’ Then twelve years later (in a letter to 
Romanes in 1888) he wrote®: “‘It is quite conceiv- 
able that every species tends to produce varieties 
of a limited number and kind, and that the effect 
of natural selection is to favour the development of 
some of these, while it opposes the development of 
others, along their predetermined line of modification.” 


HuxLEY AS AN EVOLUTIONARY PREDESTINARIAN. 


Thus it will be seen that Huxley, on the evidence 
then at his disposal, had come to the startling con- 
clusion that the shaping or controlling forces which, 
in due season, were to give man his hand, lay latent in 
the germ-plasm of that simian stock which ultimately 
blossomed into human and anthropoid shapes. The 
evidence which forced Huxley to take up the position 
of an evolutionary predestinarian must have been 
indeed cogent. Only a few years previously (1868), 
Sir Richard Owen had given utterance to a somewhat 
similar belief, when he wrote :7 “ Generations do not 
vary accidentally in any and every direction, but in 
preordained definite and correlated courses.” Huxley, 
as was afterwards the case with Weissmann, believed 
that the creative machinery of evolution lay in the 
womb of the germ-plasm. 


MODERN PREDETERMINISTS. 


Manifestly, if the evolutionary fate of man is already 
determined by the properties of his germ-plasm, as 
Huxley believed, it is a truth of the utmost consequence 
to medical men. We cannot, if this be true, in any 
way control the future of humanity, except by the 

* Life and Letters, by his son, Leonard Huxley, 1900, vol. 2, p. 268. 

® Life and Letters, vol. 1, p. 456. I have been unable to obtain any 
et account of this lecture save that given by Mr. Leonard Huxley 
the “ Life and Letters.” 


* Life and Letters, vol. 2, p. 188. 
? Anatomy of Vertebrates, vol. 3, p. 808. 


application of Darwin’s law of selection. Man’s des- 
tiny lies hid in the potentialities of his germ-plasm. 
Huxley’s belief is widely shared by modern students 
of evolution. No one has had better opportunities 
of noting how evolution has worked in shaping higher 
mammals during the Tertiary period than Dr. H. 
Fairfield Osborn, of the American Museum of Natural 
History. He finds ample evidence of a “ definite or 
determinate origin of certain new characters, which 
appear to be partly a matter of hereditary disposition.” ® 
He finds that evolutionary tendencies, like that which 
leads to the formation of horns and antlers, may lic 
latent in an ancestral stock, and only become manifest 
at subsequent times and in different ways in certain 
of the descendants of that stock. That evolutionary 
manifestations of this kind have taken place in the 
evolutionary history of the higher primates—the group 
to which man belongs—there can be no doubt. 

In recent times this conception of evolution working 
out its effects in predetermined directions has been 
forcibly suggested by Bateson. In his presidential 
address to the British Association in Australia in 1914 
he expressed himself thus : 

“‘If then we have to dispense, as seems likely, with 

any addition from without, we must begin seriously 
to consider whether the course of evolution can at 
all reasonably be represented as an unpacking of an 
original complex which contained within itself the 
whole range of diversity which living things present. 
. .. At first sight it may seem rank absurdity to 
suppose that the primordial form or forms of proto- 
plasm could have contained complexity enough to 
produce the diverse types of life.”’ 
In this passage Bateson plainly suggests that the 
machinery of evolution has proceeded on its way, 
untrammelled by any outward circumstance, right 
from the first appearance of living protoplasm. We 
have here the doctrine of evolutionary predestination 
stated in its most extreme form. Whether such a 
belief as this of Bateson is well founded or not, it shows 
us that one who has given a lifetime to the study of 
variation and of heredity is of opinion that the evolu- 
tionary machinery which has given man his brain, 
his hand, his foot, and his posture has worked out its 
effects undisturbed by the surrounding conditions of 
life. In brief, functionally wrought modifications have 
had no part in shaping the human body.® 

Before proceeding to set out the evidence concerning 
the nature of the machinery which shapes man’s body, 
there is another opinion, akin to that of Huxley, which 

® The Origin and Evolution of Life, 1918, p. 278. In this work the reader 
will find references to literature bearing on predeterminism in evolution. 

* It is unnecessary to give here a list of the men who have concluded that 
plants and animals tend to vary in definite directions, whatever be the 
circumstances in which they are placed. The evidence relating to this 
matter has been very ably summarised in recent times by E. S. Russell, 
Form and Function, London, 1916; and by Prof. R. Anthony, “le 


Determinisme et |’Adaptation Morphologique,’’ Archives de Morphologic, 
Paris, 1922. 
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deserves to be considered here. It was given by 


Prof. G. Elliot Smith,’ and is founded on a prolonged 
ind intimate study of the brain of man and of the 
brains of animals which have a close structural relation- 
hip to man : 
“‘ And if all the factors in his (man’s) emergence are 
ot yet known, there is one unquestionable, tangible 
ictor that we can seize hold of and examine—the 
steady and uniform development of the brain along 

well-defined course throughout the Primates right 
up to man, which must give us the fundamental 
reason for man’s emergence and ascent. . . . Thus 
it the dawn of the Tertiary period there were 
leveloped the germs of all the psychical greatness 
which, in the million or so of years that have followed, 
culminated in the human mind.” 

Without a doubt the brain of the great anthropoids 
is but an elaborated edition of that which serves the 
needs of monkeys, and, in turn, the brain of man, 
while framed on exactly the same plan as that of the 
vreat anthropoid, far transcends it in complexity of 
elaboration. In the evolution of these three stages, 
represented by the brains of man, anthropoid, and 
monkey, we are witnessing, not an unpacking, but an 
ever-increasing degree of specialisation as von Baer 
and Spencer recognised long ago. In the organisation 
of the brain of the monkey we see something which is 
comparable to the civilisation of a primitive people, 
such as the aborigines of Australia; in that of the 
anthropoids, one which may be compared with the 
life led by a semi-civilised people, such as the natives 
of the Congo, while in the human brain we reach a 
stage of complexity represented by the highest modern 
civilisation. Whether we speak of brains or of civilisa- 
tion, the machinery of evolution must be of an analogous 
nature in both of them. What is the nature of this 
machinery ? 


How ADAPTATIONS APPEAR DURING THE 
DEVELOPMENT OF THE EMBRYO. 


Since the time of Darwin and of Huxley our know- 
ledge of the factors which take a part in controlling 
the development, and therefore the evolution, of the 
brain and of its appended sense organs, such as the 
eye, the ear, and the nose, has entered a new phase. 
We shall take the formation of the eye as our first 
example because in design and execution it far excels 
any camera yet invented ; it has been the theme of 
many a teleological sermon, and a consideration of its 
development will take us right to the heart of our 
subject—the origin of purposive or adapted structures. 
After the publication of the “ Origin of Species,” 
Mr. J. J. Murphy, of Belfast, cited the eye as a structure 
which could not be accounted for by any theory of 

1° British Association Reports, 1912 (Dundee), pp. 575-598. 


selection then propounded. “It is probably no 
exaggeration to suppose,” wrote Mr. Murphy, 


that in order to improve such an organ as the eye 
at all, it must be improved in ten different ways at 
once, and the improbability of any complex organ 
being produced and brought to perfection in any 
such way is an improbability of the same kind and 
degree as that of producing a poem or a mathematical 
demonstration by throwing letters at random on a 
table.” 


Darwin, with that customary candour which regu- 
lated his search for truth, quotes in full this cogent 
and, to my way of thinking, just criticism, and Darwin’s 
reply was that the eyes of men, as of animals, did show 
slight degrees of individual variation, and that he 
could conceive the twilight eye of the owl or of the 
lemur as having arisen by a selection and accumulation 
of these minute variations. Mr. Murphy modestly 
estimated the parts of the eye which must undergo a 
simultaneous modification, if sight was to remain 
efficient, as ten in number ; he would have been inside 
the mark if he had said ten thousand. We cannot 
conceive how the countless elements which go to the 
construction of an eye can assume their appropriate 
place, form, and function unless we postulate a 
machinery which regulates the development and growth 
of every one of them. 

The existence of such a machinery was made evident 
by experiments on tadpoles carried out by Dr. Warren 
H. Lewis at Baltimore from 1903 onwards.!2 The 
optic cup, which ultimately forms the retina of the 
eye, grows out from the wall of the brain towards the 
embryonic skin or ectoderm. When this cup comes 
into contact with the ectoderm, the overlying cells 
begin to proliferate and arrange themselves so as to 
form a transparent or crystalline lens. Dr. Lewis 
transplanted the outgrowing optic cups of tadpoles, and 
found, if they were placed under the ectoderm of the 
neck or of the belly, that the result was the same ; an 
optic cup caused the overlying cutaneous cells to alter 
their nature and form a lens. Dr. Lewis realised the 
significance of his discovery ; in the developing embryo, 
although only of certain species, one group of living 
cells can enslave and control the behaviour of another 
group. He gave us a glimpse of the kind of evolu- 
tionary machinery employed in fashioning a highly 
purposive structure such as the eye. Any one who 
has followed the success with which physicists have un- 
ravelled the structure of the atom in recent years will 
not despair of an equal success attending the efforts of 
embryologists to uncover the means by which one 

11 The Variatién of Animals and’ Plants under Domestication, 1868, 
is % ice the Origin and Differentiation of the Optic Vesicle 


of Amphibia,”’ Amer. Jour of Anat., 1904, vol. 3, pp. 507, 805 ; 1907, vol. 7, 
pp. 144, 259. See also Spemann, Zoolog. Jahrbuch, 1912, vol. 32, p. 1. 
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group of embryonic cells regulates the growth of a 
neighbouring group. 

Our knowledge of the machinery by which the 
growth of embryonic tissues is controlled and shaped 
is likely to increase rapidly, for in recent years em- 
bryologists have copied the methods invented for the 
study of bacteria, and have succeeded in growing the 
live tissues of embryos in artificial media. It has 
been proved time after time that the epithelial cells of 
an embryo, such as the living cells of renal tubules, if 
grown apart from other cells, spread outwards in a more 
or less disorderly manner ; but if connective-tissue cells 
are added to the culture, then the epithelial cells form 
orderly ranks, just as they do in the kidney tubules of 
the embryo.’* Carrel found that the juices of em- 
bryonic tissues contain substances which cause cultures 
of living cells of any kind to proliferate rapidly and to 
continue alive for an endless series of generations. 
Thus it will be seen that the machinery which regulates 
the behaviour of groups of cells within the body of the 
embryo is one of the utmost complexity, and yet is of 
a kind which can be handled and studied by biologists. 


Nor can we doubt for a moment that the machinery- 


of development and of growth which we find at work 
in the embryo is also the machinery of adaptation and 
of evolution. In every phase of the development and 
evolution of the human hand we see this adaptational 
machinery at work. 


BEHAVIOUR OF YOUNG NERVE CELLS. 


There is no need to tell even the uninitiated that 


the brain and nervous system of man comprises many 


thousands of millions of microscopic units or nerve cells. 
Each unit of the brain has its appropriate place in a 
tremendously complex system, and has its special duty 
in dealing with the tide of messages which flood that 
system in every hour of conscious and subconscious life. 
When a child is born all the nerve centres which regulate 
the complex apparatus of breathing start into instant 
and effective operation. When the mother’s teat is 
placed within its lips the nerve centres which regulate 
this intricate series of actions start to work as if they 
had served an apprenticeship before they appeared in 
the orderly development of the babe’s nervous system. 
We cannot yet explain satisfactorily the means by 
which such really marvellous evolutionary results 
have been reached, such as reflex nerve centres, ready 
for action at the moment of birth, but at least we can 
claim to have before us a prospect of giving a rational 
account of how the various groups of nerve units are 
assembled so as to give a functional result. 

Our present knowledge of this matter is largely due 


8 Ebeling and Fischer, Journ. Experim. Med., 1922, vol. 34, Pp. 317- 
* See A. H. Drew, British Journ. Experim. Path., 1922, vol. 3, p. 20. 


to the researches of Dr. Ariens Kappers of Amsterdam, 
and to investigations made by his pupils. Nerve cells 
may not remain in the sites at which they are developed ; 
in their younger stages they have the power to migrate. 
Dr. Kappers found that a group of embryonic nervy: 
cells or neuroblasts, which are afterwards to contro! 
definite sets of muscles and therefore to be concerned 
in carrying out certain actions of the body, migrat: 
towards the sources of their information. Thos: 
young executive nerve cells take up their permanen: 
stations at points most suitable for the performanc 
of their life’s work. If we conceive a mob of war 
seasoned men to deploy automatically and to take u) 
effective battle-stations we have before us a pictur 
of what is to be seen taking place among the nerv: 
cells in the brain of the growing human embryo. 
Developing nerve cells send out processes which effe: 

unerring contacts with other distant cell-groups « 
the body. Dr. Davidson Black? found that certai) 
cell- groups on the cortex of the brain proceeded | 

their development only if the processes of anothe 
distant group of cells had entered into contact wit! 
them. We have here another instance of one embry« 
logical group of cells determining or controlling th 
development of another group. Enough has been sai: 
to show that the machinery which regulates th 
development and growth of the brain is one of tli 
utmost complexity. We have no reason to suppos: 
that it is of a kind which lies beyond the comprehensioi: 
of the human mind, although it may take centuries 0) 
neurological inquiry to lay bare its nature. The on 
point we are certain of is that the factors which regulat: 
the development, growth, and arrangement of tli 
countless units of our nervous system do work in suc 
a way as to produce an effective functional result. 


THE EvoLuTION OF MUSCULAR ADAPTATIONS. 


In no system of the human body do we find mor: 
instructive examples of mechanical adaptation thon 
in the muscles which carry out the movements of ovr 
bodies and of our limbs. The nature of the machinery 
involved in the elaboration of muscular adaptatiois 
may be illustrated by the development of muscls 
which guard the mouth, eye, nose, and ear, and arc 
concerned in expression. The bud which gives risc 
to the muscles on one half of the face begins at onc 
localised site of the human embryo, a site in tic 
embryonic neck, marked by the hyoid arch. Fro: 
this site the young muscle cells or myoblasts migr: 
outwards, over the neck and scalp, round the ear, e\°, 
nose, and mouth; as they reach their destinatio’ 
they fall into ranks and take up such positions as pern! 

18 « Further Contributions to Neurobiotaxis,” Psychiat. en Neuro! 2. 


Bladen, 1916, Nos. 5, 6. 
18 Journ. of Comp. Neur., 1913, vol. 23, p. 351. 
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them, when fully differentiated, to perform effectively 
their respective functions. The influences which con- 
trol their movements and regulate their dispositions 
we do not know as yet. But whatever the nature of 
hese regulating forces may prove to be, we can see 
hat they are exactly of the same kind as those which 
ontrol the differentiation of facial musculature in 
nonkeys and anthropoids. The degree of differentia- 
ion of the facial musculature of man is but the final 
‘tage of a continuous series of evolutionary forms to 
ye traced in the faces of monkeys and anthropoids. 
‘he elaboration of the facial musculature runs more 
less parallel to the elaboration of the brain. 

The manner in which muscular adaptations arise 
nay be better exemplified if we take a muscle which 
; concerned in purely mechanical actions, such as the 
‘atissimus dorsi. This muscle is concerned in pulling 
he upper arm backwards as in rowing. It works in 
he human body from a wide firm base, placed in 
he lower part of the back—one which extends from 
he sixth dorsal spine to the crest of the ilium. As 
points of origin it also utilises the lowest three or four 
ribs, and occasionally also the lower angle of the scapula. 
This muscle, occupying the lower half of the back, 
inakes its appearance in the human embryo in the lower 
part of the neck, just below the embryonic shoulder- 
blade. By the end of the sixth week of development 
the army of cells which compose the muscle have 

extended or migrated downwards as far as the fourth 
rib, reaching the twelfth rib about the seventh week, 
and the iliac crest by the time the human embryo is 
‘wo months old.17__ The success with which the develop- 
ing muscle cells reach their ultimate destinations is one 

i surprising accuracy ; they may take hold of a spine 

or a rib too far up or too low down, but the total result 
is always one which makes the whole muscle into an 
effective mechanical engine. Such variations may 
make the muscle a little less or a little more useful to 
ihe individual. The young muscle cells, when they 
have reached their definitive sites, arrange themselves 
in serried ranks, each rank hitched directly or indirectly 
to the lever through which the collective army of cells 
exerts its strength. 

Now, this muscle has almost the same attachments 
in the gorilla and chimpanzee as in man; there is a 
vreater range of individual variation in its points of 
origin; the marksmanship made by the migrating 
myoblasts is less accurate than in man. In the orang 
this muscle obtains no direct origin from the ribs, 
While in the gibbon five or six ribs are seized. In the 

ibbon, however, there is no direct muscular origin 
‘rom the crest of the ilium. In the old-world monkeys, 


17 Warren H. Lewis, Keibel and Mall’s Manual of Human Embryology, 
1910, Vol. i. pp. 454-522. 


and also in their American cousins, the origin of the 
latissimus is restricted to the lower three or four dorsal 
spines ; the origin from the iliac crest is slight or in- 
direct ; while the fibres rising on the side of the thorax 
are not directly attached to the ribs. Very occasionally 
one sees fibres rising from the lower angle of the 
scapula of monkeys, a variation in attachment which 
has become very common in man. In these variations 
of attachment we are seeing evolution at work, and 
its machinery lies in the forces which regulate or control 
the migratory movements of the young muscle cells. 


INFLUENCE OF NERVE-CONNECTIONS. 


It is true that nerve fibres have entered, and formed 
a union with, the muscle mass in the neck before 
migration has set in; the nerves are carried along 
by the migrating muscle horde ; differentiation of the 
muscle fibres begins at the point at which the nerve 
enters the muscle mass. When muscular fibres are 
fully differentiated they depend on their union with 
nerve fibres for a continuance of their health and life. 
But the migratory impulse, be that impulse what it 
may, lies not in the nerve union but in the muscle 
elements themselves, for Ross G. Harrison 38 found, if 
the limb of a developing tadpole were deprived of its 
nerve supply, the muscles still became duly differentiated 
in their usual stations. 


ADAPTATIONS MAY APPEAR FIRST AS OCCASIONAL 
VARIATIONS. 


Let us take another example to illustrate the manner 
in which a new muscular feature has been evolved in 
man’s body. The muscles of the calf of man’s leg 
have taken on an enormous growth to raise the heel 
in walking. The structure of the deeper muscle of 
man’s calf, the soleus, has taken on an extremely 
complex and efficient arrangement of fibres; its 
origin from the posterior aspect of the bones of the 
leg is particularly extensive. In all dog-like or prono- 
grade apes this muscle has a narrow origin from the 
smaller bone of the leg, the fibula, and this is also 
usually the case in the orthograde apes, or anthropoids. 
In man the origin of the muscle has undergone an 
extension, a large part migrating from the fibula and 
obtaining an extensive attachment to the tibia. But 
this extension to the tibia which is constant in man 
occurs as a frequent variation in all the anthropoids. 
Out of 8 gorillas examined, 3 had a tibial origin for 
this muscle ; this was also the case in 2 out of 12 
chimpanzees, 1 out of 8 orangs, and 2 out of 12 gibbons. 
In the anthropoids there is a tendency for the soleus 
to extend its origin to the tibia ; in man this tendency 


18 Anat. Record, 1908, vol. 2, p. 145; American Journ. of Anat., 1906 
vol. 5, p. 121; Journ. of Experim. Zool., 1907, vol. 4, p. 239. i 


| = 
d ; 
te. 
i 
ro | 
ec. 
nt 
| 
ar 

| 
y 
ail 

he 
it] 3 
yo 
thi 
aid 
th 
th 
ion 
ont 
ati 
th 
Ore 
han 
our 

ery 

Oils 
cles 
are 

rise 

one 
tie : 
rom 
rae 
ions 
mit 
rolog. 

= 


262 Supplement to “ Nature,” August 18, 1923 


has become a fixed habit. This is but one instance 
of what is often to be observed in the study of human 
evolution, where an occasional variation in apes has 
become the established form in man. 

How has this tendency to vary in a definite direction 
arisen ? It is a direction which increases the functional 
efficiency of the human leg. Has this tendency arisen 
in apes as a result of the manner in which they climb ? 
Or is it, as Huxley would have us infer, a tendency 
which is inherent in the developing soleus and has come 
into existence under the influence of some unknown 
factor which regulates the developmental movement 
of muscle cells ? I think that Huxley’s interpretation 
is the true one. 

Let us take another example. Under the skin of 
the sole of man’s foot lies a muscle known as the 
short flexor of the toes. In man all its four bellies, 
designed for the outer four toes, have a solid basis of 
origin on the bone of the heel; from such an origin 
the collective muscle can play a helpful part in main- 
taining the arch of man’s foot. Now in the monkey’s 
foot, while the muscle for the second toe arises from 
the heel, the muscles for the three outer toes retain 
a primitive origin from an adjacent surface provided 
by moving tendons. In the gibbon it is usual for the 
muscle of the third as well as of the second toe to 
have moved its origin to the heel ; in the great anthro- 
poids, particularly in the orang, the muscle of the 
fourth toe has also left the tendon and migrated to 
the heel; in man all four have moved. Here we see 
a human character arising as the culmination of a 
tendency which can be observed, to a greater or less 
degree, in the feet of all those animals which are most 
closely related to man, yet more primitive than him 
in structure. The migration of origin, on the part 
of the embryonic muscular cells, is of a useful or 
purposive kind. We cannot avoid the conclusion that 
the growth and development of young muscle cells 
are controlled by influences or means which work 
towards a functional result. 


THE ORIGIN OF A MUSCLE PECULIAR TO MAN. 


Man possesses a muscle which is peculiar to himself 
—the peroneus tertius—and it will help us to under- 
stand how new structural features have been, or are 
being, evolved if we note the manner in which this 
muscle makes its appearance during the development 
of the leg and foot of the human embryo. The 
peroneus tertius raises the outer border of the foot 
and assists in applying the sole of the foot to the 
inequalities of the ground in walking. If we examine 
a hundred human legs we shall find ninety in which 
the peroneus tertius is a complete and separate muscle, 
but in the remaining ten we shall find some in which 
it is separated only to a greater or less degree from an 
adjacent and older muscle, the long extensors of the 
toes, and some in which it is quite unseparated from 
this muscle, as is the case in the legs and feet of 
anthropoid apes. In the gorilla one notices occasionally 
a tendency for the outer fibres of the tendon going to 
the fifth or small toe to stray or migrate towards the 
outer border of the foot. When we turn to the develop- 
ing leg to ascertain how this new muscle makes its 
appearance in the human embryo, we find, towards 


the end of the second month of development, that th 
mass or colony of muscle cells which are to extend the 
toes, becomes separated from the common extenso) 
mass of the leg, and that, in turn, the muscle cell: 
which are to form the peroneus tertius separate or ar 
cleft from the outer side of the long extensors of thi 
toes—from the part concerned in extending the litt) 
toe and incidentally in turning upwards the oute: 
border of the foot. The peroneus tertius represent; 
a colony of muscle cells which have broken away fron 
the parent muscle—the long extensor of the fifth tox 
The tendon fibres have broken away from those goin; 
to the toe and migrated backwards along the oute: 
border of the foot, thus giving them an advantageou 
position for the performance of their function ii) 
walking. 

We have here all the properties manifested by develo, 
ing muscle masses—a power of cleavage or separation 
and a power of migration. What causes these outer 
muscle cells which are destined to act on the mos} 
external of the digits to break from the parent mass 
and assume a separate functional identity ? I agre 
with Huxley that there are no grounds for believin: 
that the behaviour of embryonic muscle cells is in 
any way influenced by experiences gained by adul 
muscle fibres. When vertebrate limbs came first into 
existence the muscle colonies which deployed to form 
the extensors of the toes, grouped themselves so as tu 
get a functional result. In the case of the outer to: 
there was a double function, the extension of the toc 
and the everting of the foot. In the human foot thi 
muscle cells which evert the foot have separated them 
selves from those which extend the little toe. The 
evolutionary machinery lies in the behaviour of tli 
embryonic muscle cells or myoblasts. 


INSTANCES OF PARALLEL INHERITANCE. 


Let me cite two other examples which go to show 
that myoblasts possess evolutionary tendencies whic! 
work towards a purposive or functional end. The 
interosseus muscles of the hand and foot of monkeys 
arise, not from the adjacent surfaces of metacarps! 
and metatarsal bones, as they do in man, but from tl) 
bases of these bones, in the palm of the hand and so|: 
of the foot. In the human embryo the interosseus 
muscles appear in the same palmar position as that 
which is retained in monkeys. In the most primiti\ 
of anthropoid apes—the gibbon, and also in the highest 
of South American monkeys—the howler monkeys 
Ateles—the origin of the interosseus muscles have 
migrated so as to take a partial hold of the adjaceit 
surfaces of the metacarpal and metatarsal bones. |n 
the great anthropoid apes—the gorilla, chimpanzee, 
orang—and in man, these muscles have sunk in betwecn 
and seized the adjacent surfaces of the metacarpal 
bones of the hand and metatarsal bones of the foot. 
This migratory tendency has seized upon, or becone 
manifested in, the muscles of the hand as well as in 
those of the foot, although these members are subje:t 
to different functional influences. We can account 
for such evolutionary manifestations only by supposine 
that in a remote common ancestor of all the members 
of the higher primates there was a latent tendency 
in the myoblasts of the interosseus muscles to deplv) 
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and group themselves in a new way, one which gave a 
better functional result. 

Another striking fact is that the muscles which have 
become reduced or vestigial in man have also become 
reduced and vestigial, although usually to a less 
extent, in the anthropoid apes. All of these muscles, 
plantaris, palmaris longus, psoas parvus, latissimo- 
ondyloideus, omo-cervicalis, etc., are laid down in a 
1ormal way during the development of the embryo ; 
ifter being laid down retrogression sets in. We have 
here again to deal with functional tendencies. The 
nachinery of reduction is resident in the processes 
which govern the development of structural systems 
in the embryo. As W. Roux supposed, there may be 
a struggle for survival between the system of cells 
vhich make up the body of an embryo. 


THE ADAPTATIONAL PROPERTIES OF BONE CELLS. 


By the fourth month of feetal life young nerve cells 

nd young muscle cells have taken up their definitive 
josition and arrangement. On the other hand, white 
jlood corpuscles retain all through the life of the 
ndividual the migratory power which is lost by most 
other cells of the body early in feetal life. The cells 
vhich line blood and lymph vessels and those which 
line the peritoneal and pleural cavities! retain all 
through life a power to proliferate and produce new 
tissues which are of a purposive kind. Such cells 
retain the chief characteristic of embryon‘c cells—the 
power to arrange themselves as part of a functional 
complex. Bone cells also retain powers of purposive 
action. Nothing is better known than that, if a bone 
of a rickety child bends under the weight of the body, 
the bone cells lying in its concavity will proliferate 
and build a buttress to strengthen the shaft. It is 
not necessary for us to speculate here as to the exact 
stimuli which cause bone cells to behave in this manner ; 
it is enough for our present purpose to note that they 
react to fulfil an end necessary for the occasion.”° 

John Hunter discovered the remarkable power 
which bone cells possess to remodel bones during 

vrowth. While bone cells are building at one part 
of a bone, they are, at another part of the same bone, 
busily engaged in taking down their previous handiwork. 
The co-ordinated manceuvres of the armies of bone 
cells concerned in the growth of the jaws and eruption 
of the teeth are extraordinary. When teeth are 
erupting and also long after they are cut, their bony 
sockets are being constantly altered and remodelled 
by the hundreds of thousands of osteoblasts embedded 
in the bone surrounding the dental roots. While 
new bone is being laid down on the outer side of the 
jaw under the gum, the corresponding bone on the 
inner side of the gum is being absorbed. But in the 
tooth socket itself the opposite is happening ; new 
bone is being laid down on the inner side of the tooth 
socket, while it is being removed from the wall forming 
the outer side of the socket. New bone is being laid 
down under the roots so that the socket as a whole is 
bemg raised and moved in an outward direction. 


** An account of the actions and reactions of vascular tissues will be 

wid in the writings of W. Roux from 1878 onwards. I have dealt with 
the adaptative reactions of peritoneal cells in Human Embryology and 
Morphology, 1921, 4th edition. 

*2 T have dealt with the growth reactions of bone cells at some length 
(Menders of the Maimed, 1919, chapters xiv., xv., xvi., xvii., and xviii.) 


The crowd of osteoblasts involved in this operation 
are clearly co-ordinated in their action; they move 
on towards a functional result. Although we do not 
know the exact means by which their action is co- 
ordinated we have, in the qualities and tendencies, 
possessed by bone cells, part of the machinery of 
evolution. Cartilage cells, during embryonic life, 
must be co-ordinated in their growth and arrangement. 
In the foetal hand we find they have fashioned the 
joints to meet the needs of the muscles which act on 
them, thus permitting harmonious movements of the 
wrist and digits. The development and behaviour 
of embryonic cartilage cells constitute part of the 
machinery of human evolution. 


CO-ORDINATION IN THE GROWTH OF Bong, 
MuScCLE, AND NERVE CELLS. 


I have dealt with the behaviour of young cells of 
bone, muscle, and nerve centres in the developing 
embryo in order that we may appreciate the com- 
plexity of the process involved in preducing a new 
structural adaptation of the human body. When we 
sit up or walk, our vertebrae are balanced one upon 
another by means of a complex series of muscles acting 
upon an equally complex series of levers, the whole 
controlled by intricate groups of nerve cells situated 
in the spinal cord and brain. The anatomical evid- 
ence #! Jeaves us in no doubt that the spinal mechanism 
of man has been evolved from one very similar to that 
now seen in the anthropoid apes. Indeed in the 
young chimpanzee and gorilla many of man’s spinal 
adaptations are already present. In the evolution of 
a human from an anthropoid spine we have to conceive, 
(1) that the multitudes of bone cells involved in the 
building of vertebral processes of the embryo were so 
influenced in their operations that the levers they 
built were altered in strength, inclination, and form ; 
(2) the countless myriads of myoblasts involved in 
the formation of the spinal musculature were so 
influenced that they took up new positions and effected 
new combinations ; (3) the cartilage cells, which mould 
the contours of the intervertebral joints, were moved 
to alter the shapes of the articular surfaces so as to 
provide the needed contours ; (4) the nerve cells of 
the spinal cord and brain, presiding over the reflex 
and voluntary movements of the spinal muscles, had 
to undergo increase in numbers, rearrangements in 
grouping, and readjustment of contacts. We have to 
postulate that in the human embryo there exists a 
machinery which co-ordinates the development and 
growth of all the diverse hordes of embryonic cells 
concerned in the formation of man’s spinal mechanism 
and causes them to move in a direction which, at all 
stages of evolution, yields a harmonious functional 
result. 

THEORY OF HORMONES. 


There is only one theory which affords a rational 
explanation of how such complex adaptations can be 
brought about—the theory of Hormones postulated 


by Starling in 1905.22, Although Prof. Starling devoted 
21“ Man’s Posture: Its Evolution and Disorders,” Brit. Med. Journ., 
1923, I, PP. 451, 493, 545, 557, 642, 669. 
22 Prof. E. H. Starling, ‘‘ The Chemical Correlation of the Functions of 
the Body.” The Croonian Lectures at the Royal College of Physicians, 
Lancet, 1905, vol. 2, p. 339+ 
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the greater part of his Croonian lectures to demonstrate 
the part played by chemical substances or hormones in 
co-ordinating the functions of the body he clearly realised 
that hormone control formed the basal machinery of 
all evolutionary processes in the animal kingdom. 

‘In the lowest organisms, such as the bacteria 
and protozoa, the only adaptations into which we can 
gain any clear insight are those to the environment 
of the organism, and in these cases the mechanism 
is almost entirely a chemical one. ...In the 
lowest metazoa, such as the sponges, there is still no 
trace of any nervous system. The co-ordination 
between the different cells of the colony is still 
determined by purely chemical means... . If, as 
I am inclined to believe, all the organs of the body 
are regulated in their growth and activity by chemical 
mechanisms, similar to those I have described, an 
extended knowledge of hormones gives complete 
control of the body.” 

We are justified, on all grounds, in looking upon 
the human embryo, in the earlier stages of its develop- 
ing, as a colony of protoplasmic units or cells, organised 
under a system of government controlled by hormones. 
Each member of the colony, we must suppose, has the 
power of circularising, by means of the hormone 
postal system, some or all of the other members of the 
colony in such a way as to notify its needs and compel 
their co-operation. With each step in the differentiation 
of the embryonic tissues there must be a further 
elaboration in the hormone system of intercommunica- 
tion and government, until the foetal stages are reached, 
when the growth-regulating substances become installed 
in special controlling centres represented by the glands 
of internal secretion—the pituitary, adrenal, thyroid, 
etc. We know that juices expressed from embryonic 
tissue contain substances which stimulate the prolifera- 
tion and growth of living tissues; we know from 
observations already cited that one group of embryonic 
cells can control the manner in which another group 
develops, but we have to admit, also, that our know- 
ledge of the action of hormones in fashioning the growth 
of organs is still inits infancy. The vista presented by 
this unexplored field of knowledge is infinite in extent 
and complexity, and will provide embryologists with 
many centuries of labour. Their labour will reveal in 
full the true nature of the machinery which underlies 
the production of structural adaptations which occur 
in every part of the animal body in every stage of its 
evolution. 


THE SIGNIFICANCE OF ACROMEGALY. 


A long and close study of the bodies of men and 
women who have been the subjects of that strange 
disorder of growth known as acromegaly, has convinced 
me that the system of hormones,.which controls and 
co-erdinates the growth of various organs and parts 
of the body is organised, like the nervous system, on 
a reflex basis. There are reflexes of growth just as 
there are reflex actions of muscles; both kinds of 
reflexes serve definite purposes in the economy of the 
body. The glands of internal secretion provide sub- 
stances which control the action of organs and of 
parts of the body; they also produce substances 
which co-ordinate the growth of the organs or parts 
concerned in these actions. In the subjects of acro- 
megaly the pituitary gland is enlarged and its structure 


more or less disorganised ; the parts of the body whic! 
respond to hard toil, such as the hands, feet, and jaws, 
become greatly and irregularly overgrown. All th: 
systems of the body—muscular, bony, respiratory, 
circulatory, alimentary, and renal systems— are in- 
volved ; all show an abnormal degree and kind of over- 
growth. 

We find a clue to most of the growth disorders o 
the human body, such as acromegaly, in a knowledg 
of the mechanism of normal growth. Growth dis- 
orders—dwarfism and giantism—are but derangement 
of the various parts of the normal machinery of growth. 
Sir James Mackenzie regards the symptoms of illness, 
manifested by suffering men and women, as de- 
rangements of the normal reflex functions of their 
bodies. In a like manner we may consider disorde: 
of growth, such as acromegaly, as a derangement « 
a normal mechanism—that which co-ordinates th 
response made by the various parts of the body t 
exercise and training. When a man passes into train 
ing, whether it be to use his hands as a labourer, hi 
biceps as a blacksmith, his legs as a runner, or his 
arms as a rower—the responsive growth is not confine 
to the muscles of his hand, arm, or leg. All the bone 
of the body respond to a greater or less degree, so dv 
the heart and lungs, so do all the systems of his body ; 
he has to eat and digest more. We cannot imagin: 
such a co-ordinated functional result being broug!): 
about, one which affects every system of the bod;, 
unless we postulate a controlling system of hormone:. 
Nor can there be a doubt that acromegaly, in all its 
stages and degrees, represents a diseased manifestation 
of this adaptational system. 

To fit all the bits of this puzzle into a connecte:| 
whole we have to suppose that muscles in sustainc:| 
action do emit certain substances which pass into the 
circulation and thus reach the pituitary gland. \W« 
have to suppose that in the pituitary these substance: s 
elicit responses leading to the emission of other su! - 
stances which pass into the circulation and thus reac) 
and influence organs which are correlated in action 
with the muscles directly involved. We have here «i! 
the elements of a reflex system—the pituitary serviny 
as a chief centre or hormone-brain. In acromega! 
the disordered condition of the pituitary leads to 
flooding of the body with adaptative hormones aft:r 
the most trivial of muscular actions, and hence its wn- 
regulated growth. 


BARWELL’S DISORDER. 


In the Museum of Charing Cross Hospital, Huxle, 
old school, there is the skull of a boy which shows « 
very instructive disorder of growth. It is not a unique 
specimen ; many cases of an exactly similar kind «re 
known. The boy came into the hospital for treatme it 
of a tumour-like swelling of the face, for which Mr. 
Barwell tied the right carotid artery. The boy dici, 
and it was found that, on the right side of his skw!l, 
all those structures which are concerned in masticatic, 
and only the structures concerned in this function, wire 
greatly and uniformly hypertrophied. The condition 
was clearly produced long before birth, for all the teeth, 
including those of the milk dentition, were nearly twice 
the normal size on the right side of the mouth. So 
were the jaws and all the bony struts of the face which 
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support the jaws ; so were the muscles of mastication, 
the temporo-mandibular joint—in short, all dental, 
bony, Muscular, vascular, and nervous structures con- 
cerned in mastication. We cannot conceive how such 
disorders of growth could be so sharply limited to a 
jingle functional system unless we agree that the 
nachinery which regulates growth and development 
5 organised not on an anatomical, but on a functional 
yasis. 
USE-INHERITANCE. 


In the foregoing paragraphs an attempt has been 
nade to picture the means by which the development 
ind growth of the various cell groups, which make up 
he body of the embryo, are co-ordinated and controlled. 
Such evidence as we have justifies us in the belief that 
there is an automatic system of control worked by 
means of hormones, and that this machinery, in all its 
ariations, tends to produce a functional or adapta- 
tional result. The very important question remains 
to be considered: can this machinery, which controls 
he differentiation of the tissues of an embryo, be 
ifluenced from without? Or does it, as Bateson 
elieves, work on towards its destined result, in spite 
{ all surrounding conditions and influences? ‘The 
enital glands and their contents, of both man and 
voman, are exposed to all the substances, be they 
nutritive or hormonic in nature, which flood their 
circulatory systems. In 1906 J. J. Cunningham %3 
pplied the theory of hormones to the problems of 
heredity. He conceived it possible that the genital 
cells could be influenced, and so altered in their con- 
titution, by hormones thrown off by all the organs 
and parts of the parent body. There is no inherent 
physical obstacle to prevent one from entertaining 
such a belief. Such a conception implies the possi- 
bility of hormones—function-regulating substances— 
of a parent coming into contact with and influencing 
the controlling action of the embryonic hormone- 
system. If it were possible, as is assumed in every 
torm of Lamarckian belief, for parent products to come 
in contact with, and thus alter, the machinery which 
controls the growth of the embryo, it would be a con- 
sequence of the utmost import for mankind. By a 
full use of our brains, of our teeth, or of our hands, we 
might hope to influence the development and growth 
of the corresponding parts in our children. 


EVIDENCE OF THE TEETH. 


[ have selected the teeth to test the question as to 
tie part played by use in the evolution of structural 
adaptations. There can be no doubt that the manner 
in which the crowns of man’s sixteen upper teeth fit 
against corresponding surfaces of the lower sixteen, 

ve us as fine a structural adaptation as we may hope 
to cite. There is the additional advantage that, as 
the teeth are the most persistent of fossil remains, we 
know more of this system in the forerunners of man 
and of living anthropoid apes than of any other parts 
of their anatomy. Further, in highly civilised races 
teeth are not only more liable to decay and to irregu- 
larities of eruption than in primitive races, but there 
s also, in civilised peoples, a marked tendency to a 
reduction in size and number of the dental series. We 

Hormones and Heredity, r921, 


see, too, in the evolution of the dentitions of the higher 
primates, when the pattern of the enamel changes in 
one tooth, it changes in all of them ; if one tooth alters, 
the opposing teeth have to alter in conformity ; we 
see that if the dentition strengthens, all the members 
of the series participate ; when reduction sets in, all 
the teeth suffer a reduction in a definite order. But 
these changes cannot be due to use, for the crowns of 
the teeth are laid down, and the opposing chewing 
surfaces fully formed, while the dental germs lie buried 
in the gums and long before the crowns come into use. 
When they do come into use, the teeth formed in the 
upper jaw possess the exact surfaces needed to oppose 
those of the lower jaw. After usage, especially in apes 
and primitive man, the opposing surfaces become 
worn off; if use had any effect here it would be to 
produce teeth with eroded crowns. 

It is clear that functional adaptation, so far as 
concerns the production of teeth, is a property resident 
in the embryonic tissues ; the effects of usage in the 
parent can have no influence on the machinery which 
shapes the dental crowns in the mouth of the foetus 
and infant. If this is true of one system of the human 
body, it is probably true of all other adaptational 
systems—such as the brain, hand, and foot. Nature 
would have been foolhardy to entrust the future of 
any race whatsoever to the voluntary efforts or natural 
inclinations of the parents. As far as possible she 
seems to have safeguarded the progeny by isolating 
the gonads from the functional influences of the 
parental body. 


THE GERM-PLASM CAN BE PERMANENTLY INJURED. 


Yet there is one line of evidence which shows that 
the spermatozoa of the male and the ova of the female 
can be acted on or injured from without. Darwin 24 
has related the case of a cow in which one eye was 
injured when she was in calf. The calf was born with 
the corresponding eye small and blind. In more 
recent years Marey * has recorded an identical result 
in amare; one eye was injured when she was pregnant, 
and the foal was born with the corresponding eye 
small and blind. Hitherto we have been inclined to 
regard such cases as mere coincidences, but the well- 
known experiments of Guyer and Smith 2 provide a 
rational explanation. They injected into the veins 
of doe rabbits, about the end of the second week of 
pregnancy, doses of a substance which has a selective 
and toxic action on the lens of the eye. Many of the 
young were born with defects of the eyes—cataract of 
the lens being particularly frequent. When these 
young rabbits grew up and bred, many of their young 
showed the same defects. The developmental dis- 
order could be transmitted in the spermatozoa as well 
as in the ova. These experiments show that the 
germ-plasm can be reached from without, and by 
means of a toxic substance can be permanently injured, 
so that progeny issuing from it will show ever afterwards 
a characteristic and localised defect. Prof. Ch. R. 

24 Variations in Plants and Animals under Domestication, 1868, vol, 2, 
Déterminisme et J'adaptation morphologique, R. Anthony, 1922, 


p. 88. 
26 M. F. Guyer and E, A, Smith, Journ. Experim, Zoology, 1921, vol. 31, 
p- 171. 
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Stockard 2? induced permanent changes in the germ- 
plasm of guinea-pigs by exposing one generation of 
animals to extreme and continuous doses of alcohol. 
Dr. J. G. Adami *8 cites several instances of a similar 
nature, and has summed up the evidence relating to 
“the inheritance of acquired conditions in the higher 
mammals.” Many of the cases recorded to prove 
acquired inheritance relate to changes which have 
been produced in the skin, particularly in its pigment- 
carrying cells. On the evidence which has accumulated 
there is good reason for believing that light can act 
upon epidermal and other elements of the skin in such 
a way as to effect changes in certain factors or elements 
of the germ-plasm. The observations and experiments 
made by J. T. Cunningham * on the colouring of flat 
fish, and the more recent observations which Dr. 
Kammerer *° has made on salamanders exposed to 
light, and to dark backgrounds, can be interpreted 
only if we admit that reactions in the skin can affect 
the reproductive cells lying within the genital glands 
of the animals subjected to experiment. Notwith- 
standing this admission I do not think, as I shall 
mention later, that the loss of pigment in fair Europeans 
is due to any direct action of light on the skin. It 
is one thing to injure or influence the germ-plasm in 
such a way as to alter the machinery which controls 
the development of the embryo; it is quite another 
thing to alter that machinery in such a way as to make 
it produce a new mechanical adaptation. We know 
of no means by which the machinery of mechanical 
adaptation can be altered from without. 


ARE THE MODERN CONDITIONS OF LIFE ALTERING 
THE GERM-PLASM OF THE HUMAN STOCK. 


The admission that the genital cells can be injured 
or altered by substances circulating in the body of 
the parent is of the utmost consequence for mankind. 
The conditions of modern civilisation are. making us 
the subjects of a colossal experiment. Six thousand 
years ago, our ancestors, scraping a subsistence from 
moor and shore, passed their days amidst the same 
conditions as surrounded the earliest types of evolving 
man. Man’s body was adapted for rough fare and 
unregulated exposure. Modern civilisation has revo- 
lutionised the conditions of life in every detail. We 
use our brains, our skins, our muscles, our lungs, our 
teeth, stomach, and bowels, our hands and feet, for 
purposes which are new to them. Our tissues are 
kept soaked with juices containing substances which 
are still strange to them. Our crowded communities 
favour the prevalence and spread of all forms of 
infectious disorders in young and old. We are dis- 
covering that a rough and raw dietary contains certain 
elements which are essential for health. It would be 
strange if the evolutionary machinery of the human 
body kept on working in the same way as when the 
conditions of life were, if not simpler, yet much more 
primitive. A prolonged and minute comparison of 
human remains found in ancient and modern graves 
in England has convinced me that structural changes 

27 “ An Experimental Study of Racial rey ry in Animals treated 
with Alcohol,” Archiv Int. Med., 1912, vol. 10, p. 369; Proc. Soc. Experim. 
Biol. and Med., N.Y., 1911-12, p. 71 ; 1913-14, p. 136. 

28 Medical Contributions to the Study of Evolution, 1918, ch. v. 


2° Hormones and Heredity, 1921. 
3° NATURE, 1923, Vol. III, p. 637. 


of a minor kind are affecting certain parts of th: 
skeleton in at least one-third of modern instances. 
The narrow bony opening to the nose, with its jib-lik« 
nasal spine, its raised and sharp sill, so often seen i) 
modern English skulls, are conditions never presen! 
in Englishmen of the pre-Roman periods. Contracte: 
palates, crowded and defective teeth, deformed jaw: 
sunken cheek-bones do not become common in Englis! 
graves until we reach the eighteenth century. Th: 
appearance of these structural changes in Englishme: 
cannot be attributed to the introduction of any ney 
racial element from abroad. No doubt these facia! 
changes are due in part to the soft nature of our food 
and the disuse of our muscles of mastication. 

Lack of use alone will not, however, explain th: 
form taken by these structural alterations ; they ar 
injurious rather than helpful ; they cannot be classified 
among the contrived adaptations. We have reason 
to suspect that defects of eyesight grow more common 
There are grounds for believing that the great bowel. 
including the cecum and appendix, becomes mor 
liable to disorder and to disease with each succeeding 
generation. ‘Twenty years ago Metchnikoff expressec 
the belief that the great bowel of man had become « 
useless structure, and that he would be better of! 
without it. The result of recent surgical experienc: 
has been to convince medical men that the man wit!) 
a normal great bowel is an infinitely fitter and happier 
person than the man without one. The only question 
that remains to be settled is whether it is better to lx 
with or without a colon which has become incurabl) 
diseased. 

There is thus a certain amount of evidence to support 
the belief that certain parts of the body are less robust 
some of them actually undergoing a structural chang: 
in a considerable proportion of people living under 
modern conditions of life. There is also no doul 
that these changes and susceptibilities occur muc)) 
more frequently in some families than in others. T0 
what extent these new features have become hereditar\ 
and therefore due to an injury of the germ-plasm, w 
cannot yet say. But in the light of experiments bk: 
those of Guyer and Smith, and of Stockard, medic:! 
men have grounds for suspecting that the source from 
which new generations of our race issue may not lv 
invulnerable, that our germ-plasm may become tainte«| 
under the conditions to which our bodies are now 
subjected. 


Tue LAw oF RECAPITULATION IS ONLY PARTIALLY 
TRUE. 


In the foregoing paragraphs I have turned asicc 
from my main thesis—the nature of the evolutionary 
machinery which has given man his gifts of brain ai‘ 
body. The nature of this machinery will never |» 
understood by those who still harbour the belic! 
that the human embryo, in its developmental stag: 
recapitulates the evolutionary history of the human 
body. I do not think any one familiar with the stag:s 
passed through by the developing human embryo 
would now agree with Huxley when he wrote : #*— 

31 The Nature of Man, translated by Dr. P. Chalmers Mitchell, 10: 
see also Keith, “The Functional Nature of the Caecum and Appendix,’ 


Brit. Med. Journ., 1913, vol. 2, p. 1599. 
%2 Collected Essays, vol. 2, p. 5. 
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** A man in his development runs for a little while 
parallel with, though never passing through, the form 
of the meanest worm, then travels for a space beside 
the fish, then journeys along with the bird and the 
reptile for his fellow-travellers; and only at last, 
after a brief companionship with the highest of the 
four-footed and four-handed world, rises into the 
dignity of pure manhood.” 


It is true that we cannot explain the infinity of stages 
passed through by a human embryo, from the fertilised 
ovum, representing the lowest unicellular stage of living 
things, to the fully formed child, unless we believe that 
man, like all animals, has been evolved from the 
simplest of beginnings. But every one of these tran- 
sitional stages represents a new form of being, never 
one of which has been seen at any stage of the world’s 
history leading an independent adult existence. Every 
organ and part of the human body passes through 
an extensive series of developmental changes which 
receive a full and adequate explanation from the theory 
of evolution, but not one of these changes, from the 
first to the last, copies a form seen in any adult animal ; 
at every point of development old or recapitulatory 
phases are masked by the unceasing introduction of 
new and individual features. The student of the 
human embryo and fcetus is impressed not by its 
recapitulatory behaviour but by the manner in which 
new features are being intercalated. Such facts favour 
Huxley’s view that the machinery of evolution works 
in the body of the embryo uninfluenced by adult 
experience. 


THE USE MADE BY NATURE OF THE CAPITALISTIC 
SysTEM. 


Scientific men do not need to be told that capital 
is needed for the development and improvement of an 
invention ; capital is as necessary for the progress of 
a civilisation as for the extension of a business under- 
taking. Nature discovered very early in the history 
of the world that capital is needed for evolutionary 
progress. A breakfast egg represents the capital set 
aside for the development of a fowl, and during the 
incubation period the stock of yolk makes possible 
any form of experiments which the embryonic cells 
may tend to make. In the higher mammals the 
capitalistic system has become fluid and elastic— 
represented by the mother’s blood and milk. The 
placenta and all accessory structures needed for the 
lodgment of the young in the mother’s womb were 
invented and elaborated by embryonic cells during 
the incubating stages in the development of lower 
vertebrates. The simple yolk capitalistic system, 
evolved and elaborated by the embryonic cells of 
lower vertebrates, became, in the higher vertebrates, 
transformed into the elaborate organisation which 
gives rise to the placenta, thus securing for the young 
months of free lodging. When we inquire into the 
nature of the process which gives rise to the placenta 
we find that it concerns certain embryonic cells which, 
in the lower vertebrates, proceed to form part of the 
belly-wall, part of the bowel, and part of the bladder. 
These same groups of cells in higher mammals have 
taken on themselves an entirely new purpose. Instead 
of proceeding to form the parts of the body just 
mentioned, they give rise to the placenta and mem- 


branes which envelop the embryo. Here we see that 
embryonic cells and the machinery which regulates 
their evolutions have inherent in them a power of 
working out the most intricate inventions and of 
effecting structural adaptations of the most service- 
able kind. 


THE GENESIS OF MAN’S SPECIAL STRUCTURAL 
FEATURES. 


We need not be surprised, seeing how plastic and 
resourceful the embryonic tissues are, to find most— 
but not all—of man’s characteristic features appear 
in a modified form as transitional phases in the feetal 
stages of man’s nearest allies—the anthropoid apes. 
Man’s outstanding structural peculiarities have been 
produced during the embryonic and fcetal stages of 
his evolutionary history ; the corresponding and some- 
what similar characters which appear in foetal anthro- 
poids become masked in these animals by the super- 
addition of coarser animal features which develop as 
their intra-uterine life closes, and particularly as their 
adolescent and adult stages are passed. At birth the 
brain of the baby gorilla is almost as big as that of 
the human baby; but whereas the period of rapid 
growth continues in the human brain throughout 
infancy, the brain of the gorilla proceeds after birth 
at a slow pace. The human brain retains the rapid 
rate of foetal growth for two years after birth. My 
friend Prof. L. Bolk*? of Amsterdam, who has done 
so much to prove that man’s distinctive characters 
represent a heritage accumulated in the foetal phase of 
his development, has shown that the downward bend 
of the front part of the base of the skull, and the conse- 
quent backward position of the face, occur at an early 
point of development in all mammals. The cranial 
bend becomes undone and the face thrust forwards as 
development proceeds in all mammals, save in man, 
in whom these foetal features are retained until, and 
throughout, adult life. The nearest approach to the 
adult human form occurs in the foetal stages of anthro- 
poid apes. The foetal cranial bend is not a primitive 
or ancient character; it was worked out in feetal 
life ; never, until the evolution of man took place, 
did this feature survive to reach an adult stage. 

Let us take another feature—man’s hairless skin, 
and in the case of the white races its comparative 
lack of pigment.*4 In the chimpanzee fcetus, at the 
seventh month of development, the hair is distributed 
on the body exactly as in a baby at birth; there is 
the same long and fine hair on the scalp; the same 
smooth skin covered with a short, almost invisible 
down. The skin, too, which afterwards becomes deeply 
pigmented and black in the adult chimpanzee, at this 
stage is gray, tinged with a trace of brown. Ata still 
younger stage the skin is almost free from pigment. 
The young of many of the higher primates are born 
with fair hair—often tinged with red. Fair hair is a 
foetal character of primates which has become perma- 
nent in Northern Europeans and is found distributed 


33 “ The Problem of Orthognathism,”’ Proc. Konin, Akad. van Wetensch, 
te Amsterdam, 1922, vol. 25, Nos. 7, 8; “On the Significance of Supra- 
orbital Ridges in the Primates,” ibid., 1922, vol. 25, Nos. 1, 2; “* On the 
Character of Morphologeal Modifications in consequence of Affections of 
the Endocrine Organs,” ibid., 1921, vol. 23, No. 9. 

34 See my Herter Lectures, ‘‘ The Evolution of Human Races in the light 
of the Hormone Theory,” Johns Hopkins Hospital Bulletin, 1922, vol. 33, 

Pp. 155, 195; also Prof. C. S. Stockard’s “‘ Human Types and Growth 

eactions,’’ Amer. Journ. Anat., 1923, vol. 31, p. 261. 
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sporadically in North Africa and Central Asia. Here 
again we see characters which were worked out in 
foetal months passing on to become characters of 
adult life. 

Such examples could be multiplied to a wearisome 
extent. I do not wish to minimise the number and 
importance of transient simian features which appear 
in the body of the human feetus and infant ; they are 
well known and of great significance. But I do desire 
to give a true interpretation to such human features 
as are represented by man’s small face and jaws; his 
forehead, tending to be devoid of supra-orbital ridges ; 
his large head poised on a long and relatively slender 
neck: they are features first produced in the feetal 
stages of higher primates and now retained by man in 
his adult state. The tendency to preserve such feetal 
characters is seen in certain genera of South American 
monkeys. But all the fossil progenitors of ape and 
man we have yet discovered have a face, jaws, skull, 
and neck of the more primitive and bestial type. 


THE BEARING OF Fa@TAL INHERITANCE ON 
HuxLey’s CONCEPTION. 


I return to Huxley’s disbelief in ‘ use-inheritance ” 
and to his conviction that animals—including man— 
tend to evolve “along their predetermined line of 
modification.” It is clear that the mammalian 
placenta, particularly that kind of placentation which 
occurs in the womb of man and of anthropoids— 
identical systems—cannot in any way be accounted 
for by “ use-inheritance.” They have been worked 
out by properties inherent in embryonic tissues. The 
fact that the most characteristic features of the human 
body appear first in embryonic or fcetal life, and that 
human-like characters appear transiently in feetal 
stages of anthropoid apes, the further fact that many 
constant structural modifications of man’s body are 
seen as occasional variations of the ape’s body, all 
bear out Huxley’s dictum that evolution tends to 
evolve along predetermined lines of modification. 
The machinery of evolution works ovt its untrammelled 
ends in the embryo and the fcetus, except in so far as 
that machinery can be injured or deflected by what 
may be termed poisons of the germ-plasm. It is clear, 
too, that if we are to cast man’s horoscope we can 
read the omens only in the tendencies manifested in 
his embryonic and foetal stages. We can alter man’s 
future only in that limited way discovered by Darwin— 
by applying his principle of selection. 


A SIMILE. 


To make my meaning clear, let me borrow a simile 
from human affairs. Some thirty years ago, in the 
incipient stages which led to the modern development 
of the great motor-car industry, small workshops 
sprang up in almost every town and supplied a car 
of local design for local needs. The struggle for 
survival set in, and successful types, ousting local 
types, led to the formation of great firms which catered 
for the needs of continents. The workmen engaged 
and the types of car made became specialised and 
standardised. These great firms, we know, keep an 
eye on the market—benefit by experience—and modify 
their types to suit demand. Invention succeeds 
invention in their workshops. But in the factory 


where human types of body and mind are produced 
I am presuming there is no intelligence department. 
I am also presuming, as Huxley did, that the workmen 
—the cells of the embryo—employed in turning out 
new human machines, are specialised into vocational, 
hereditary castes—each caste turning out its work in 
a certain way—a way which ensures a functional 
result. I am presuming, too, that the workmen 
represented by the embryonic cells are co-ordinated 
in their toil by an elaborate system of intercommunica- 
tion—already described—the system of hormones. 
All hands in the human factory are co-ordinated— 
not by orders from managers or foremen, but by a 
self-regulating system of hormone-control which works 
out functional ends automatically. Variations—useful 
adaptations—are produced by a bias which is inherent 
in the machinery of control. The mere fact that | 
have to resort to so crude a simile shows how ignorant 
we still are of the machinery of animal evolution. 


CONCLUSION. 


John Hunter gave utterance to an important truth 
when he said man’s bony and vascular tissues retained 
the same automatic purposive behaviour as is mani- 
fested by the lowest forms of organised life, such as 
the hydra. In the formative period of the human 
embryo, and on the phase when adaptational con- 
trivances are being worked out in its heart, brain, 
muscles, and skeleton, the embryonic cells retain many 
of the purposive, almost conscious, attributes possessed 
by primitive unicellular organisms. No doubt the 
behaviour of embryonic cells, as of the simplest 
protozoa, will prove to be reflex in nature —mere 
protoplasmic reactions to appropriate stimuli. In 
bringing about the collective reactions of embryonic 
tissues, which mould them to form structural adapta- 
tions, we may presume that hormones play a leading 
role. The hormone system, to give the results it does, 
must be framed upon a teleological basis. 

If we would rightly understand the evolution oi 
the machinery of adaptation, or, what is the same thing, 
the machinery of government, in the developing body 
of an animal, we shall do well, as Herbert Spencer 
suggested, to study the evolution of a people rising 
from savagedom to civilisation. In the earlier stages 
of the evolution of human society we see that the 
machinery of government is represented by the auto- 
matic working of a herd-instinct—an instinct tending 
in all its operations towards the preservation of the 
community. The instinct is biassed in the direction of 
producing functional or effective results. We have 
to study what, in our present ignorance, we must call 
the “ herd-instincts ” of the vast community of proto- 
plasmic units embraced by the body of a human embryo, 
if we would understand how the structural contrivances 
of the human body have been evolved. I, for one, 
believe with Huxley that the government which rules 
within the body of the embryo proceeds along its way 
altogether uninfluenced by occurrences or experiences 
which affect the body or brain of the parent. In 
short, man has come by his great gifts—his brain, his 
upright posture, his strange foot and his nimble hand— 
not by any effort of his own, but, like a favoured child 
of the present day, has fallen heir to a fortune for 
which he has never laboured. 


Printed in Great Britain by R. & R. Crark, Limitep, Edinburgh. 
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The Life History of an a-Particle.' 


By Sir Ernest RUTHERFORD, F.R.S. 


N this lecture I propose to discuss some of the 
properties of the high-speed a-particle which is 
spontaneously ejected from radioactive substances. 
This flying atomic nucleus is not only the most ener- 
etic projectile known to us, but it is also an agent of 
ereat power in probing the structure of atoms, so that 
an account of the effects produced by it is of wide 
scientific interest. 

It is now well established that the a-particle expelled 
irom radioactive bodies is in all cases a helium atom, 
or, to be more precise, the nucleus of a helium atom of 
mass 4 carrying two positive charges of electricity. 
It is only when the expelled nucleus is stopped by its 
passage through matter that it captures the two 
negative electrons required to convert it into the 
neutral helium atom. It is natural to suppose that 
the helium nucleus, which is shot out at great speed 
from the heavy nucleus of a radioactive atom, formed 
part of its structure. For some reason, which is. not 
as yet understood, occasionally one of the radioactive 
nuclei breaks up with explosive violence, ejecting the 
component helium nucleus with high velocity. It is 
probable that the a-particle in escaping from the 
radioactive nucleus acquires part of its great energy 
of motion in passing through the repulsive electric 
field surrounding the latter, but at present we do 
not know the nature of the forces which hold the 
complex nucleus together, or whether the a-particle 
is at rest or in orbital motion in the nuclear structure 
before instability sets in. We know, however, that 
there is a very wide range of stability exhibited by 
diferent radioactive elements. In a substance like 
radium A, the average life of the radioactive atom 
before ejection of an a-particle is about 4-3 minutes, 
for radium itself 2250 years, while in the case of a 
very slowly changing element like uranium the average 
life is of the order of 7000 million years. 

It is known that the a-particles from a given element 
are all shot out with the same speed but that this speed 
varies from element to element. There is apparently 
a close connexion between the velocity of ejection 
of the a-particle and the average life of the parent 
element. The shorter the average life of the element, 
the swifter is the speed of expulsion. This interesting 


' Discourse delivered at the Royal Institution on Friday, June 15. 


relation between the violence of the explosion and the 
average life of the element holds in the majority of 
cases, but it is difficult at present to be at all clear of 
its underlying meaning. Sir William Bragg long ago 
showed that the a-particle travels through matter 
nearly in a straight line, and has a definite range of 
travel in a substance. This is well illustrated by the 
tracks of a-particles obtained by Wilson’s expansion 
method. The majority of the tracks are seen to be 
quite straight, apart from an occasional deflexion near 
the end of the path. At the end of the range the 
photographic and ionising effects of the a-particle 
apparently cease with great suddenness. On account 
of its great energy of motion, the individual a-particle 
can be detected by the scintillation it produces in 
crystalline zinc sulphide, by the effect on a photo- 
graphic plate, and by special electrical methods, while 
the beautiful expansion method of Wilson shows: the 
trail of each individual a-particle through the gas. 

We are enabled, particularly by the scintillation 
method, to count the individual particles, and thus we 
have at our command a method of great delicacy for 
studying the effects produced by the passage of a-par- 
ticles through matter. In travelling through a gas 
the a-particle passes through the outer electronic 
structure of a large number of atoms and liberates 
electrons, thus giving rise to an intense ionisation 
along the track. The ionisation increases to a maxi- 
mum near the end of the path of the a-particle and 
then falls rapidly to zero. 

A careful study has been made of the law of decrease 
of velocity of the a-particle in passing through matter 
by studying the deflexion in a magnetic field of a pencil 
of a-particles before and after its passage through a 
known thickness of matter. In most of these ex- 
periments we employ the a-particles of radium C, 
which have a range of about 7 cm. in air under ordinary 
conditions. The initial velocity Vy of these particles 
is known to be 19,200 kilometres per second, and the 
reduction of velocity can readily be followed down to 
about 0-4 Vo. At this stage the emergent range of 
the a-particles is less than one centimetre, and measure- 
ments are difficult, owing to the fact that a beam of 
a-particles becomes heterogeneous and contains par- 
ticles moving with different velocities. 
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For this reason the velocity of the a-particle cannot 
be followed with certainty below 0-38 Vj. We must 
bear in mind that even at the lowest velocity at 
which it is possible to detect the a-particle by the 
scintillation or photographic method, it is still moving 
at a high speed compared with the positively charged 
particles generated in an ordinary discharge tube. 

It is clear that ultimately the a-particle must be 
slowed down to such an extent that it captures electrons 
and becomes a neutral atom, but until recently no 
evidence of this process of capture of electrons had 
been obtained. G. H. Henderson (Proc. Roy. Soc. 
A, 102, p. 496, 1922) has recently added much to 
our knowledge of this subject by examining the 
deflexion of a-rays in a magnetic field in a very good 
vacuum. For the success of these experiments it is 
essential that the apparatus in which the deflexion is 
observed should be exhausted to a very low pressure, 
corresponding to that required for a good X-ray tube. 
The reason of this will be seen later. When a narrow 
pencil of a-rays was deflected in a magnetic field two 
bands were observed on the photographic plate, one 
the main band, due to ordinary a-particles carrying 
two positive charges, and another midway band 
which he supposed to consist of particles which had 
captured one electron, i.e. to singly charged helium 
atoms. At low velocities he also obtained evidence 
of the existence of neutral a-particles resulting from 
the capture of two electrons by the helium nucleus. 
In these experiments Henderson employed Schumann 
plates, where the film is so thin that low velocity 
particles produce as much or more photographic effect 
than the swifter particles. 

I have repeated these experiments, by the scin- 
tillation method, and confirmed the deduction of 
Henderson. By observing the deflexion of the mid- 
way band in an electric as well as in a magnetic field 
I find there is no doubt the particles composing the 
midway band consist of particles of mass 4 and 
charge 1, i.e. to singly charged helium atoms which 
have the same speed as the doubly charged particles 
comprising the main band. 

Some recent experiments have been made by me to 
throw light on the conditions under which the flying 
a-particles may gain or lose an electron. The general 
arrangement of the experiment is shown in Fig. 1. 
A fine platinum wire coated with radium B+C, by 
exposure to the emanation (radon) serves as a nearly 
homogeneous source of a-rays, since the a-particles are 
emitted only from the atoms of radium C, which are 
too few in number to form a film on the platinum of 
even one molecule thick. The a-rays from this source 
pass through a narrow slit about o-3 mm. wide and fall 
on a screen of zinc sulphide. The distribution of 


a-particles on the screen is determined by the scin- 
tillation method in a dark room, using a microscope 
outside the box. The vessel containing the source and 
screen is completely exhausted by means of a Gaede 
and mercury diffusion pump, and if necessary the 
residual pressure can be measured by a Macleod gauge. 
The box is placed between the plane pole pieces of a 
large electromagnet so that the pencil of a-rays is bent 
in the direction shown in the figure. Usually the 
distance between the source and screen was 16 cm., 
with the slit midway. The whole path of the rays was 
exposed to a nearly uniform magnetic field and th« 
deflexion of the pencil of rays was proportional to the 
strength of the magnetic field. Under normal ex- 
perimental conditions the pencil of a-rays from the 


a 


Fic. 1. 


bare radium C wire was bent a distance on the scree 
of about 15 mm. from the zero position without field. 
The field of view of the microscope was sufficient to 
take in the depth of the whole pencil of a-rays withou: 
the field. 

Special precautions were taken to prevent con- 
tamination of the screen by the escape of active 
matter from the wire in a low vacuum. It must he 
borne in mind that the type of wire source employed 
always introduces some heterogeneity in the beam o! 
a-rays even from the uncovered source. This is dic 
to the escape from the back of the wire of a-particl:s 
which are reduced in velocity in passing through tlc 
material. This effect is clearly manifest when tlc 
pencil of a-rays is deflected by a magnetic field ; {vr 
in addition to the main band of a-rays there is always 
a distribution of particles extending beyond the main 
beam. The intensity of this heterogeneous beam at 
any point is generally less than one per cent. of tlc 
main beam and does not seriously interfere with tlie 
accuracy of the deductions discussed in this lecture. 

In Figs. 2 and 3 are given illustrations of the dis- 
tribution of singly and doubly charged a-particles 
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along the zinc sulphide screen. Fig. 2 shows the 
result when a thickness of mica corresponding in stop- 
ping power to 3:5 cm. of air is placed over the source. 
The main band, due to He, , particles,is sharply defined 
on the high velocity side, but there is evidence of some 
heterogeneity produced in the beam by its passage 
through the mica. As we should expect, the midway 
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hand (He, particles) lies exactly between the zero 
position and the main band and contains only about 
1/55 of the particles in the main beam. Fig. 3 shows 
the distribution when the thickness of mica is increased 
to correspond to a stopping power of about 6 cm. of 
air. Both the main and midway bands are no 
longer sharply defined as in the first case, but each 
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consists of particles with a considerable range of veloci- 
ties. The relative number of He, and He, , particles 
is about 1/8 for the swifter particles, but this ratio 
increases with decreasing velocity. The midway band 
extends and joins the main band where it can no longer 
be followed. The brightness of the scintillations due 
to He, particles falls off obviously and continuously 
from Ato B, At this stage, too, some neutral particles 
make their appearance. This is shown by the Hey 
band, which is not deflected by a magnetic field, but 


its intensity is small compared with that of the midway 
band. There is also a sparse distribution of faint 
particles between the neutral and midway band, 
probably due in part to scattering of the a-particles by 
the edges of the slit and possibly in part due to recoil 
atoms of oxygen and other elements constituting the 
mica. The distribution of the charged and uncharged 
helium particles for a still-lower velocity will be seen 
in curves A, B, Fig. 4, which will be referred to later. 
It is seen that the relative number of He, to He, , 
particles has increased ; similarly, the relative number 
of neutral particles is much greater. 

We may now consider the interpretation to be placed 
on these observations. It is clear that the particles 
emerging from the mica consist of doubly charged, 
singly charged, and neutral particles, but the relative 
number of these three types varies markedly with the 
stopping power of the mica plate. We may suppose 
that the a-particle in passing through the outer electron 
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structure of the atoms in its path occasionally removes 
and captures an electron. This electron falls into a 
stable orbit round the doubly charged helium nucleus 
and moves with it. 

This singly charged atom will, however, have only a 
limited life, for in passing through other atoms the 
electron is knocked off and the singly charged a-particle 
reverts back to the doubly charged type. This process 
of removal is analogous to the ordinary process of 
ionisation where an electron is ejected from an atom by 
a collision with an a-particle ; for as a singly charged 
particle can remove electrons from another atom, so 
there is a chance that the He, particle should lose its 
attendant electron. We may thus consider that two 
opposing processes are at work, one resulting in the 
capture of an electron and the other leading to its 
removal. From the data given later it will be seen 
that this process of capture and loss may repeat itself 
more than a thousand times in the flight of an a- 
particle, so that the average path travelled by an a- 
particle before capture of an electron or before loss of 
the captured electron is small compared with the total 
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distance of travel of the a-particle before it comes to 
rest. It is clear from this, for a given velocity of a- 
particle, that there must be a momentary equilibrium 
between the number of He, and He, , particles such 
that, on the average, the number of captures in a given 
small distance is equal to the number of losses. 

It is very convenient to suppose that for a given 
velocity each He, , particle has a mean free path A, 
cm. in the material before it captures an electron, and 
the He, particle a mean free. path A, cm. before it 
loses its attendant electron. No doubt some of the 
individual particles travel distances much shorter or 
longer than this mean distance before either capture or 
loss, but in considering a large number of particles we 
may suppose there is an average distance traversed 
before capture or loss, to be called the mean free path. 

When N, He,, particles traverse a small distance 
dx of a material the number whith capture electrons is 
N,dx/A,. If N, He, particles are present the number 
which lose an electron is Ngdx/A,. But we have seen 
that when an equilibrium is set up, the number of cap- 
tures in a given distance must equal the number of 
losses. Equating these two expressions, it is seen that 
N,/N,=A¢/A,, or, in other words, the relative number of 
He, to He,, particles is proportional to the ratio of 
the mean free path for loss to that for capture. Since 
by the scintillation method the ratio N,/N, can be 
measured for any velocity, by using different thick- 
nesses of absorber we can thus determine the ratio of 
the mean free paths for capture and loss for any 
velocity. 

The actual value of the mean free path A, of the 
He, particle before it loses its electron can be directly 
determined by experiment. Suppose the microscope is 
focussed on the midway band of Fig. 2 and the number 
of scintillations per minute observed in a good vacuum. 
If the pumps are shut off and a small quantity of air or 
other gas is introduced into the apparatus, the number 
of scintillations is found to diminish with increasing 
pressure of the air until the band has completely dis- 
appeared. This takes place at quite a low pressure of 
air, for example, for a pressure of about 1/4 mm. in the 
box. 

The explanation of this result is obvious. The He, 
particles which escape from the mica occasionally 
collide with an atom of the gas in its path, and the 
electron which it captured in passing through the mica 
is removed. In such a case the He, becomes again an 
He, , particle, and the latter is twice as easily de- 
flected in a magnetic field as the former. Suppose the 
collision occurs for the first time at the point P (Fig. 1). 


The particle after losing its electron travels along a— 


new path shown in the figure, and the particle no 
longer strikes the part of the screen viewed by the 


microscope. It is found that the number of scintilla- 
tions seen in the microscope falls off according to an 
exponential law as the pressure of the gas is raised. 
Such a result is to be expected, and from this data the 
average distance which the He, particle traverses 
before it loses its electron can be simply deduced. 
Certain small corrections are necessary to take into 
account the finite width of the band of scintillations as 
seen in the microscope, but we need not enter into 
details at this stage. It is convenient to express the 
mean free path A, in air of the He, particles, not as the 
average length of path traversed in the rarefied gas 
before loss, but as the distance traversed in the same 
gas at standard pressure and temperature. For ex- 
ample, in a certain experiment, the mean free path in 
air of the particle was found to be 12 cm. at a pressure 
of o-o40 mm. ; this corresponds to a mean free path of 
0-0063 mm. at standard pressure and temperature. 

In this way the mean free path in air before loss of 
an electron has been measured for different velocities, 
and it has been found over a considerable range that 
the mean free path varies directly as the velocity of the 
a-particle, so that the mean free path becomes shorter 
as the velocity of the a-particle diminishes. Since we 
may regard the loss of an electron from the singly 
charged particle as the result of a process of ionisation, 
such a relation is to be expected, and indeed, if we take 
into account the strong binding of a single electron by 
the He, , nucleus, the mean free path for loss is ol 
the same order as that calculated from considerations 
of the number of ions per cm. produced by the u- 
particle in air and other gases. Comparisons have 
been made of the mean free path in air with that in 
hydrogen and helium. Its value is 4 to 5 times longer 
in hydrogen and more than 5 times longer in helium. 

Now that the mean free path A, is known, the value 
of A, for capture canbe deduced if the ratio N,/N, is 
also known. A difficulty, however, arises at this point. 
In order to measure the ratio N,/N, it is necessary that 
the active source should be covered with mica or other 
solid material. Gas cannot be used conveniently. | 
was found, however, that the ratio N,/N, was the same 
within the limits of error whether the a-particles were 
reduced in velocity by passage through celluloid, mica, 
aluminium, or silver. For this purpose the mica was 
kept the same and a very thin sheet of the substance 
under examination spread over it. The thickness oi 
the sheet was sufficient to set up a new equilibrium 
between the singly and doubly charged particles, but 
not sufficient to alter materially the velocity of tle 
ionising rays. 

Since the value of the ratio N,/N, suffers no appreci- 
able change for absorbers of such different atomic 
weights, we may safely conclude that the ratio for a 
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hypothetical sheet of solid air would be the same as for 
mica. 
We have now all the data required to determine the 


values of A, and A, corresponding to a-particles of 


different velocities. The results are given in the follow- 
ing table for three different velocities. The mean free 
paths are expressed in terms of millimetres of air at 
standard pressure and temperature. Vp, the maximum 
velocity of the a-particles from radium C, is 1-9 x 10° 
em. per second. 


Velocity Vin | As/A,=Nq/N, | Mean Free Path | Mean Free Path 

terms of Vo. for Mica, Aq for Loss in Air. ae At 
0°94 1/200 o-OII mm. 2-2 mm. 
0-76 1/67 0:0078 mm. | 0-52 mm. 
0°47 1/7°5 0°0050 mm. | 0:037 mm. 


It has been seen that the mean free path for loss 
varies directly as the velocity, and thus only alters in 
a ratio of about 1 to 2 over the range of velocities given 
in the table. On the other hand, the ratio A,/A, in- 
creases very rapidly with diminution of velocity varying 
approximately as V-5. From this it follows that A, 
varies as V®, thus decreasing by a factor of 60 or more 
when the velocity is halved. 

From these data and relations it can easily be cal- 
culated that the mean free path for capture should be 
equal to that for loss for a velocity about 0-3 Vy, and 
for this speed the numbers of He, and He, , particles 
should be equal. 

The actual value of the velocity for equality of the 
two types in a special experiment was found to be 
0-29 Vo, in good agreement with the calculated value. 
It is a difficult matter to determine the values of A, and 
A, for velocities less than 0-3 Vo, for not only are the 
scintillations weak in intensity and difficult to count 
with accuracy, but also the issuing rays are very hetero- 
geneous and no longer show well-defined edges on the 
high velocity side. It was, however, noted that the 
ratio N,/N, rapidly increased below the velocity 
Vo. 

We have so far dealt with the equilibrium between 
He, and He,, particles. It is clear, however, that 
similar considerations apply to the equilibrium between 
singly charged and neutral helium particles at low 
velocities of the a-particle. It was noted that the 
neutral particles appear prominently after the rays 
have passed through mica of 6 cm. stopping power, but 
no doubt they could be detected for still lower stopping 
power. These neutral particles, of course, produce 
scintillations, but of an intensity corresponding to an 
«-particle of low velocity. These neutral particles prob- 
ably lose and regain an electron many times before 
they are stopped in the zinc sulphide or other absorbing 


material. This effect was shown by introducing gas 
at low pressure into the apparatus, when the scintilla- 
tions due to the neutral particles diminished in number 
and ultimately vanished. The explanation of this is 
similar to that given for the disappearance of the He, 
band, for the neutral particles occasionally lose an 
electron in passing through the gas and are then de- 
flected away from the zero position by the magnetic 
field. 

It was estimated that the mean free path in air for 
conversion of neutral helium particles to singly charged 
particles was about 1/600 mm. No doubt this is an 
average for particles of very different velocities which 
may be present in the neutral band. 

For the higher velocities we have to deal mainly 
with the interchange He,,=>He,. For velocities 
less than o-5 Vy the interchange He, =>He, also comes 
in and becomes all-important for velocities less than 
0°3 Vg. No doubt, as Henderson has shown, at still 
lower velocities most of the He, , particles disappear 
and the He, and He, particles predominate. 

At these low velocities, counting scintillations be- 
comes very difficult and uncertain, and the photo- 
graphic method, as used by Henderson, is preferable. 
It will be a matter of very great interest to examine 
whether the relative numbers of the three types of 
particles alter when the a-particles are slowed down 
by passage through different materials. This side of 
the work is being attacked by Mr. Henderson in the 
University of Saskatchewan. 

There is one very interesting point that may be con- 
sidered here. It has been shown that these singly and 
doubly charged a-particles are always present after the 
a-rays have passed through mica or other absorber, 
but are there any singly charged particles present when 
a-particles escape from a wire coated with an infinitely 
thin deposit of active matter? This was first tested 
for a platinum wire coated with a deposit of radium 
B+C, by exposure to the radium emanation, when it 
was found that singly charged helium atoms were 
present in about the equilibrium ratio for this velocity. 
This was a rather surprising observation, but it was 
thought it might result from the fact that by the recoil 
from radium A the radium B particles penetrate some 
distance into the material of the wire. Under these 
conditions many of the a-particles expelled from 
radium C have to pass through a small but appreciable 
thickness of matter before escape from the wire and 
might thus capture electrons. This explanation 
seemed unlikely because the average distance pene- 
trated by the recoil atom is only a minute fraction of 
the mean free path for capture at such high velocities 
of the a-particle. The experiment was tried with a 
nickel wire on which radium C had been deposited on 
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the surface by the well-known method of dipping the 
wire in a hot solution of radium C. In this case the 
difficulty due to recoil is absent, but the number of 
singly charged particles was the same as before. 

It is very significant that the relative number of singly 
and doubly charged particles is about the equilibrium 
ratio to be expected when the wire, after being activated, 
is coated with an appreciable thickness of copper or other 
material. We can scarcely suppose that singly as well 
as doubly charged particles are actually liberated from 
the radioactive nucleus itself, for even if it be supposed 
that an a-particle with an attendant electron is ex- 
pelled, the electron must be removed in escaping 
through the very powerful electric field*close to the 
nucleus. It is much more probable that the doubly 
charged a-particle in passing through the dense distri- 
bution of electrons surrounding the radioactive nucleus 
occasionally captures an electron, and that the process 
of capture and loss goes on to some extent in escaping 
from the radioactive atom. This seems at first sight 
rather unlikely when we consider the relatively large 
number of atoms an a-particle ordinarily passes through 
before equilibrium between capture and loss is estab- 
lished, but it is well known that the chance of effective 
electronic collisions appears in general to be greater for 
a charged particle expelled Irom the central nucleus 
than for a similar particle passing from outside through 
the electronic distribution of an atom. It may be 
that those electrons, the orbital motion of which round 
the nucleus is comparable with the speed of the a- 
particle, are particularly effective in causing capture or 
loss. 

So far we have dealt mainly with the distribution in 
a magnetic field of the particles in a vacuum after their 
escape from a mica surface. Some very interesting 
points arise when the distribution is examined in the 
presence of sufficient gas to cause a rapid interchange 
of capture and loss along the path of the a-particle in 
the gas. This is best illustrated by a diagram, Fig. 4, 
in which the results are given for a-particles escaping 
through mica with a maximum emergent range of 
about 4 or 5 millimetres in air. Curves A and B give 
approximately to scale the distribution of He, and 
He,, particles in a vacuum, while C gives the 
relative number of neutral particles under the experi- 
mental conditions. Suppose now sufficient air is intro- 
duced into the vessel to cause many captures along the 
gas but yet not enough to reduce seriously the velocity 
of the a-particles. The first salient fact to notice is 
that the distributions A, B, C vanish and there remains 
a distribution of particles (curve D) about midway 
between A and B. This band is narrower than either 
A or C, and its height at the maximum much greater 
than either. It is evident that the particles have been 
compressed into a band of much narrower width than 
the normal distribution in curve B. 

This is exactly what we should expect to happen. 
The swifter particles present suffer less capture than the 
slow ; consequently the average charge of the swifter 
a-particles along the gas is less than 2e, and their de- 
flexion is less than the swiftest particles shown in 
curve B. On the other hand, the slower a-particles 
have an average charge nearer re than 2e and are 
relatively still less deflected than the swifter particles. 
It is thus clear that the resulting distribution of par- 


ticles with air inside the vessel will be concentrated over 
a much narrower width than the main band of He, , 
particles. From calculation based on the laws 0} 
capture and loss, the width of the band under the ex- 
perimental conditions can be deduced and is found t 
be in good accord with experiment. It will be seen t: 
be significant that similar results have been observec 
for hydrogen under corresponding conditions. 


GENERAL DISCUSSION OF RESULTS. 


Attention may now be devoted to a consideration o/ 
the results so far obtained and the possibility of thei 
explanation on present views. In the first place, it is 
important to emphasise the large number of captur: 
and losses that occur during the flight of an a-particl: 
from radium C. While the mean free path of the a- 
particle from radium C of 7 cm. range is about 3 mm. 
in air, its value rapidly decreases with lowering of th« 
velocity of the a-particle and is probably about o-oo1s 
mm. for a velocity of 0-3 Vo. It is not difficult to 
calculate that not far short of a thousand interchanges 
of charge occur during the path in air of a single particle 
between velocities Vg and 0-3 Vg. While the data so far 
obtained do not allow us to calculate the number o! 
interchanges of charge that occur between velocities 
o-3 Vy and o, it seems probable that the number is con- 
siderably greater than a thousand. We have alread) 
pointed out that for low velocities the interchang: 
He,==He, predominates. When we consider th: 
rapidity of interchange of charges of the a-particle a‘ 
average velocities, it seems clear that we cannot expec: 
to observe any appreciable difference in power of pene- 
tration between a beam of rays of the same velocity, 
whether consisting initially of singly or doubly charge:! 
particles. It is clear that a singly charged particle: 
after penetrating a short distance is converted into « 
doubly charged particle and vice versa, and that the 
effects due to the two beams should be indistinguish 
able. Henderson tried such absorption experiments, 
using the photographic method, but with indefinite 
results. 

When an a-particle captures an electron, the latter 
presumably falls into the same orbit round the helium 
nucleus as that which characterises an ionised helium 
atom, i.e. an atom which has lost one electron. When 
the a-particle with its attendant electron passes swift]; 
through the atoms of the gas in its path, it will not onl; 
ionise the gas but will also occasionally be itself ionisec, 
i.e. will lose its attendant electron. When we take 
into account the strong binding of the first electron t» 
the helium nucleus—ionisation potential about 54 volts 
—the mean free path for loss of the captured electrons in 
air is of the right order of magnitude to be expecte| 
from considerations based on the ionisation by the «- 
particle per unit path in air. While we can thus oflcr 
a quantitative explanation of the mean free path for 
loss observed experimentally, the inverse problem «i 
the capture of an electron by the flying a-particle pre- 
sents very great difficulties. 

In the actual case, the a-particle is shot at high specd 
through gas molecules which for all practical purposes 
may be supposed to be at rest. For convenience of dis- 
cussion, however, it is preferable to make an equivale:t 
assumption, namely, that the a-particle is at rest and 
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the gas molecules stream by it with a velocity equal and 
opposite to that of the a-particle. Now the maximum 
velocity of an a-particle from radium C is equivalent to 
that gained by an electron in falling freely between a 
lifference of potential of about 1000 volts; so that 
the electrons comprising the molecules of air or other 
vas have a velocity of translation numerically equal to 
this. For brevity, it is very convenient to speak of 
his velocity or energy as that due to a “ 1oo0-volt ” 
electron. 

When the electrons in an atom pass close ‘to the a- 
yarticle, one of them may be removed from the parent 
itom by the collision, energy being required for this 
process. The ionisation potential for oxygen or nitro- 
en is about 17 volts, which is a very small quantity 
compared with the energy of translation of a 1000-volt 
electron. 

If we consider the forces involved between an a- 
particle and moving electron as of the ordinary electro- 
static type, the electron will describe a hyperbolic orbit 
ound the nucleus, the angle of deflexion of the path 
oi the electron resulting from the collision depending 
on the nearness of approach of the electron to the 
nucleus. On ordinary dynamics, the electron will 
never be captured in such a collision if there is no loss 
of energy by radiation. If capture for some reason 
results from the collision, it means that an amount of 
energy corresponding to at least a rooo-volt electron 
has in some way been got rid of. This loss of energy 
may be supposed to be due to some interaction between 
the a-particle and colliding nucleus with its attendant 
electrons, or to the loss of energy by radiation during 
the collision. The first supposition seems at first sight 
plausible, for we know that the innermost electrons of 
oxygen or nitrogen are strongly bound and require 
energy of the order of 500 volts to remove them from 
the atom. But there is one very strong and, it seems 
to me, insuperable objection to this view. 

I have found that the deflexion in a magnetic field 
of a pencil of a-particles passing through a suitable 
pressure of hydrogen is similar to that shown in curve 
Fig. 4 for air. This shows that the a-particle passing 
through hydrogen captures electrons of energy about 
120 volts to about the same degree as in air. Now we 
know that the electrons in the hydrogen atom or mole- 
cule are lightly bound, and an energy of not more than 
a 30-volt electron, suitably applied, would entirely 
separate the component nuclei and electrons in the 
hydrogen molecule. In the case of hydrogen, therefore, 
we cannot hope to account for the requisite loss of 
energy, which for the experiment considered is about 
1oo volts. If these experiments with hydrogen are 
correct, and are valid for all velocities of the a-particle, 
we are driven to conclude either, that some unknown 
factors are involved in the capture, or that the loss of 
energy of the electron must be ascribed to radiation. 
In such a case, capture of an electron may be regarded 

as the converse of the photo-electric effect, where radia- 
tion falls on matter and swift electrons are ejected 
from the matter. In the case under consideration, 
swift electrons are shot towards a charged nucleus and 
an occasional electron is captured with the emission of 
energy in the form of radiation. On such an hypo- 
thesis the radiation of energy from an a-particle passing 


through a gas due to the frequency of capture is very 
great, amounting to about 3 per cent. of the total 
energy of the a-particle. This seems to be an unex- 
pectedly large amount, but cannot be ruled out as im- 
possible in the present state of our knowledge. 

In the discussion of this very thorny question, I 
have confined myself mainly to the case of capture by 
the swift a-particle, where the difficulties of explanation 
are much greater than for capture at slower velocities. 
Our information is at present too incomplete to give a 
decisive answer, but there seems to be no doubt that 
the unexpected frequency of capture of electrons by 
swift a-particles raises many new and _ interesting 
questions of the nature of the processes that can occur 
in collisions between electrons and matter. 

I need scarcely say that the phenomena of capture 
and loss are not confined to the a-particle, but are 
shown by all charged atoms in swift motion through a 
gas, and were long ago observed in the case of positive 
rays. Onaccount, however, of the high velocity of the 
a-particles and the ease of their individual detection, the 
process of capture and loss can be studied quantita- 
tively under simpler and more definite conditions than 
in the case of the electric discharge through a gas at 
low pressure. 

On this occasion I have devoted my attention to 
the most recent additions to our knowledge of the life 
history of the a-particle. This knowledge has been 
obtained from the study of the rapid interchange of 
charges when an a-particle passes through matter. I 
have only incidentally referred to the numerous colli- 
sions with electrons along the track of the a-particle 
which result in dense ionisation. I have omitted any 
consideration of those rare but interesting encounters 
in which an a-particle is deflected through a large angle 
by a close collision with a nucleus. I have omitted, 
too, the still rarer encounters which may result in a 
disintegration of an atomic nucleus like that of nitrogen 
or of aluminium. We have seen that an a-particle has 
an interesting history. Usually it is retained as an 
integral and orderly part of a radioactive nucleus for 
an interval of more than a thousand million years. 
Then follows a cataclysm in the radioactive nucleus ; 
the a-particle gains its freedom and lives an independent 
life of about one hundred millionth of a second, during 
which all the incidents referred to in this lecture 
occur. 

If we are dealing with a dense and compact uranium 
or thorium mineral, the a-particle after acquiring two 
electrons and becoming a neutral helium atom may be 
imprisoned in the mineral as long as the mineral exists. 
The occluded helium can be released from the mineral 
by the action of high temperature, and after removal of 
all other gases can be made to show its presence by the 
characteristic brilliant luminosity under the stimulus 
of the electric discharge. In the circumstances of such 
an experiment, only small quantities of helium are 
liberated. Large quantities of helium, sufficient to 
fill a large airship, have, however, been isolated from 
the natural gases which escape so freely from the 
earth in various parts of Canada and. the United 
States. It is a striking fact that every single atom 
of this material has in all probability had the life 
history here described. 
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ADDENDuUM.! 


It may be of interest to give here a brief review of 
some additional facts in connexion with the a-particle, 
brought to light in recent years. It has long been 
known that a-particles, although projected from the 
source at the same speed, travel unequal distances 
through a gas. For example, the maximum distance 
travelled by the a-particles from radium C in air is 
7°04 cm. at 760 mm. and 15° C., the minimum distance 
is about 6-4 cm., and the mean distance about 6-8 cm. 
Some “ straggling” of the a-particles is to be anti- 
cipated on general grounds, since the a-particle loses 
its energy mainly in liberating electrons from the atoms 
of matter in its path. On the laws of probability, one 
a-particle may meet more atoms and liberate more 
electrons than another, and thus lose energy at a faster 
rate. The amount of straggling observed is, however, 
much greater than can be accounted for in this way, 
and the occasional large deflexions of the a-particles 
due to nuclear collisions are so rare, except near the 
end of the range, that they do not seriously influence 
the final distribution. 

Henderson has suggested that the property of an 
a-particle of capturing and losing electrons will introduce 
a new factor in causing straggling. No doubt this is 
the case, but the rates of capture and loss observed 
appear to be too rapid to account entirely for the 
discrepancy between theory and experiment. Another 
interesting suggestion has been made by Kapitza to 
account for the magnitude of this straggling. From 
the experiments of Chadwick and Bieler on the collision 
between a-particles and hydrogen nuclei, it has been 
deduced that the a-particle or helium nucleus has an 
asymmetrical field of force around it. This asymmetry 
of the electric field must become small at the distance 
of the orbits of the electrons in the neutral helium atom, 
but may be sufficient to fix the plane of the orbit of 
an electron relative to the axis of the helium nucleus. 

Suppose that the a-particles liberated from a radio- 
active source have their axis orientated at random, 
and that the direction of the axis of each individual 
particle remains unchanged during its motion. In 
some cases, for example, the captured electron will 
describe an orbit of which the plane is nearly in the 
direction of motion of the a-particle ; in other cases 
nearly perpendicular to it. It is to be expected, 
however, that the chance of losing the captured 
electron by collision will be greater in one case than 
the other ; or, in other words, the mean free path of 
the singly charged a-particle before loss of its electron 
will be different in the two cases. 

On this view, it is to be anticipated that one group 
of a-particles will lose energy faster than the other, 
and the ranges will be different. In order to test 
whether a-particles show the individual differences to 
be expected on this theory, Kapitza has photographed 
in the Cavendish Laboratory the tracks of a number 
of a-particles by the Wilson expansion method, using 
a strong magnetic field of about 70,000 Gauss, produced 


1 This did not form part of the Royal Institution discourse, but it may 
usefully supplement one or two of the points surveyed in that lecture, 


by a momentary current of great intensity. The 
magnetic field was sufficiently strong to cause a marked 
bending of the track of the a-particle. It was found 
that the curvature of the tracks at equal distances 
from the ends showed marked variations. Before any 
definite decision can be reached, a large number oi 
tracks obtained in this way must be carefully measured 
up and allowance made for the sudden bends which 
occur due to a nuclear collision with the atoms of 
nitrogen or oxygen. The frequency of these bends 
near the end of the range complicates the interpretation 
of the apparent curvature which is measured. The 
experiments, which are still in progress, are difficult 
and require great technical skill, and it will be a matte: 
of much interest if any definite asymmetry in th: 
orbits of the singly charged a-particles can be established 
by this or other methods. Ifsuch an asymmetry exists, 
it must influence to a small extent the arrangement o/ 
the two electrons round the helium nucleus and possibly 
their spectrum. . 

During the past two years, Blackett, in the Cavendish 
Laboratory, has made a careful examination of the 
frequency of occurrence of sharp bends or forks in the 
tracks of a-particles near the end of their range in air 
and other gases. For this purpose, a simple form of 
Wilson expansion chamber, of the type designed |} 
Shimizu, has been used, and each track has been 
photographed in two directions at right angles to eac|) 
other to fix the angle of the forks in space. A larg: 
number of photographs have been taken, and tl« 
frequency of the forks has been examined in different 
gases, particularly in the last centimetre of the range 
of the a-particle. Assuming that these forks arise 
from nuclear collisions, it is possible to deduce from 
the experimental data the variation of velocity of thi 
a-particle near the end of its range. It is known from 
the work of Geiger and Marsden that the maximum 
velocity v of the a-particles of emergent range PF is 
given by v® cc R, when R is not less than one centimetre. 
Blackett finds that this relation between velocity and 
range no longer holds near the end of the track but is 
replaced by a relation of the form v1 cc R. 

In the course of these experiments a number o! 
well-defined forks have been photographed in hydrogen, 
helium, air, and argon by Blackett, and also by Auger 
and Perrin in Paris. By measuring the angles between 
the original direction of the a-particle and the direction 
of the colliding particles after collision, the accuracy) 
of the laws of impact can be directly tested. The 
results are found, within experimental error, to be in 
agreement with the view that the impacts are perfect]; 
elastic and that the conservation of energy and o! 
momentum hold in these nuclear collisions. Conversely, 
by assuming that the impacts are perfectly elastic, it 
is possible to deduce the mass of the recoil atom in 
terms of the a-particle of mass 4-00. For example, 
a fork in helium gave the mass of the recoil atom 4:03, 
and a fork in hydrogen gave the mass of the recoil 
atom 1-024. In a collision between the a-particle and 
a helium nucleus the angle between the forks should 
be exactly a right angle; the value measured wis 
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Earth, Planets, etc.: the Physical Cause of the Rotary 
Movement of the Earth and other Bodies; the Cause 
of the Internal Heat of the Earth and the Light and Heat 
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1s. 6d. net. (London: H.M. Stationery Office, 1923.) 


| 
4 
| 
| ] 
| ] 
: 
| 
| 
I 
i 
( 
Te 
S 
: 8 
T 
N 
| R 
| 
B 


Supplement to “ Nature,” September 1, 1923 


McLintock, W. F. P. Guide to the Collection of 
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Bliicher, M. Die Erforschung Asiens. (Miniatur 
Bibliothek 586-587.) 16mo. Pp. 63. (Leipzig: Verlag 
fir Kunst und Wissenschaft, 1923.) 400 marks. 

Cox, R. Hippisley. The Green Roads of England. 
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Pearson, Joseph, Edited by. Spolia Zeylanica. 
Med. 8vo. Vol. 12, Part 46. Pp. 223-334. (Colombo: 
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Stephen, A. C. Preliminary Survey of the Scottish 
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Ex. Cr. 8vo. Pp. xix+476: (New York: The Macmillan 
Co. ; London: Macmillan and Co., Ltd., 1923.) 16s. net.* 
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Agriculture in India: Chemical Series, Vol. 6, No. 8.) 
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printed at the Chiswick Press, 1923.)* 

Cohn-Wiener, E. Das Kunstgewerbe des Ostens: 
Geschichte, Stile, Technik. 8vo. Pp. 256. (Berlin: 
Verlag fiir Kunstwiss, 1923.) 24,000 marks. 

Moret, A. Mystéres égyptiens. Pott 8vo. (Paris: 
A. Colin, 1923.) 15 francs. 

Moret, A. Rois et dieux d’Egypte. Pott 8vo. 
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Foundation Work of the Alétheian System of Philosophy. 
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Boyle, Robert. The Ventilation of Public Buildings. 
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The Electrical Structure of Matter. 


By Prof. Sir Ernest RUTHERFORD, D.Sc., LL.D., 


T was in 1896 that this Association last met in Liver- 
pool, under the presidency of the late Lord Lister, 

that great pioneer in antiseptic surgery, whose memory 
is held in affectionate remembrance by all nations. 
His address, which dealt mainly with the history of the 
application of antiseptic methods to surgery and its 
connexion with the work of Pasteur, that prince of 
experimenters, whose birth has been so fittingly cele- 
brated this year, gave us in a sense a completed page 
of brilliant scientific history. At the same time, in 
his opening remarks, Lister emphasised the importance 
of the discovery by Réntgen of a new type of radiation, 
the X-rays, which we now see marked the beginning 
of a new and fruitful era in another branch of science. 

The visit to Liverpool in 1896 was for me a memorable 
occasion, for it was here that I first attended a meeting 
of this Association, and here that I read my first 
scientific paper. But of much more importance, it 
was here that I benefited by the opportunity, which 
these gatherings so amply afford, of meeting for the 
first time many of the distinguished scientific men of 
Great Britain and the foreign representatives of science 
who were the guests of this city on that occasion. The 
year 1896 has always seemed to me a memorable one 
for other reasons, for on looking back with some sense 
of perspective we cannot fail to recognise that the last 
Liverpool meeting marked the beginning of what has 
been aptly termed the heroic age of physical science. 
Never before in the history of physics has there been 
witnessed such a period of intense activity when dis- 
coveries of fundamental importance have followed one 
another with such bewildering rapidity. 

The discovery of X-rays by R6ntgen had been pub- 
lished to the world in 1895, while the discovery of the 
radioactivity of uranium by Becquerel was announced 
early in 1896. Even the most imaginative of our 
scientific men could never have dreamed at that time 
of the extension of our knowledge of the structure of 
matter that was to develop from these two fundamental 
discoveries, but in the records of the Liverpool meeting 
we see the dawning recognition of the possible conse- 
quences of the discovery of X-rays, not only in their ap- 
plication to medicine and surgery, but also as a new and 
powerful agent for attacking some of the fundamental 
problems of physics. The address of Sir J. J. Thomson, 
president of Section A, was devoted mainly to a dis- 
cussion of the nature of the X- -rays, and the remarkable 
properties induced in gases by the passage of X-rays 
through them—the beginning of a new and fruitful 
branch of study. 

In applied physics, too, this year marked the begin- 
ning of another advance. In the discussion of a paper 
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which I had the honour to read, on a new magnetic 
detector of electrical waves, the late Sir William Preece 
told the meeting of the successful transmission of 
signals for a few hundred yards by electric waves 
which had been made in England by a voung Italian, 
G. Marconi. The first public demonstration of signal- 
ling for short distances by electric waves had been given 
by Sir Oliver Lodge at the Oxford Meeting of this 
Association in 1894. It is startling to recall the 
rapidity of the development from such small beginnings 
of the new method of wireless intercommunication over 
the greatest terrestrial distances. In the last few years 
this has been followed by the even more rapid growth 
of the allied subject of radiotelephony as a practical 
means of broadcasting speech and music to distances 
only limited by the power of the transmitting station. 
The rapidity of these technical advances is an illus- 
tration of the close interconnexion that must exist 
between pure and applied science if rapid and sure 
progress is to be made. The electrical engineer has 
been able to base his technical developments on the 
solid foundation of Maxwell’s electromagnetic theory 
and its complete verification by the researches of Hertz, 
and also by the experiments of Sir Oliver Lodge in the 
University of Liverpool—a verification completed long 
before the practical possibilities of this new method of 
signalling had been generally recognised. The later 
advances in radiotelegraphy and radiotelephony have 
largely depended on the application of the results of 
fundamental researches on the properties of electrons, 
as illustrated in the use of the thermionic valve or 
electron tube which has proved such an invaluable 
agent for both the transmission and reception of 
electric waves. 

It is of great interest to note that the benefits of this 
union of pure and applied research have not been 
one-sided. If the fundamental researches of the 
workers in pure science supply the foundations on 
which the applications are surely built, the successful 
practical application in turn quickens and extends the 
interest of the investigator in the fundamental problem, 
while the development of new methods and appliances 
required for technical purposes often provides the 
investigator with means of attacking still more difficult 
questions. This important reaction between pure and 
applied science can be illustrated in many branches of 
knowledge. It is particularly manifest in the industrial 
development of X-ray radiography for therapeutic and 
industrial —— where the development on a large 
scale of special X-ray tubes and improved methods of 
excitation has given the physicist much more efficient 
tools to carry out his researches on the nature of the 
rays themselves and on the structure of the atom. In 
this age no one can draw any sharp line of distinction 
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between the importance of so-called pure and applied 
research. Both are equally essential to progress, and 
we cannot but recognise that without flourishing 
schools of research on fundamental matters in our 
universities and scientific institutions technical research 
must tend to wither. Fortunately there is little need 
to labour this point at the moment, for the importance 
of a training in pure research has been generally recog- 
nised. The Department of Scientific and Industrial 
Research has made a generous provision of grants to 
train qualified young men of promise in research 
methods in our scientific institutions, and has aided 
special fundamental researches which are clearly 
beyond the capacity of a laboratory to finance from 
its own funds. Those who have the responsibility of 
administering the grants in aid of research for both 
pure and applied science will need all their wisdom and 
experience to make a wise allocation of funds to secure 
the maximum of results for the minimum of expenditure. 
It is fatally easy to spend much money in a direct frontal 
attack on some technical problem of importance when 
the solution may depend on some addition to knowledge 
which can be gained in some other field of scientific 
inquiry possibly at a trifling cost. It is not in any 
sense my purpose to criticise those bodies which ad- 
minister funds for fostering pure and applied research, 
but to emphasise how difficult it is to strike the correct 
balance between the expenditure on pure and applied 
science in order to achieve the best results in the long run. 

It is my intention here to refer very briefly to some 
of the main features of that great advance in know- 
ledge of the nature of electricity and matter which 
is one of the salient features of the interval since the 
last meeting of this Association in Liverpool. 

In order to view the extensive territory which has 
been conquered by science in this interval, it is desirable 
to give a brief summary of the state of knowledge of 
the constitution of matter at the beginning of this 
epoch. Ever since its announcement by Dalton the 
atomic theory has steadily gained ground, and formed 
the philosophic basis for the explanation of the facts 
of chemical combination. In the early stages of its 
application to physics and chemistry it was unnecessary 
to have any detailed knowledge of the dimensions 
or structure of the atom. It was only necessary to 
assume that the atoms acted as individual units, and 
to know the relative masses of the atoms of the different 
elements. In the next stage, for example, in the 
kinetic theory of gases, it was possible to explain the 
main properties of gases by supposing that the atoms 
of the gas acted as minute perfectly elastic spheres. 
During this period, by the application of a variety of 
methods, many of which were due to Lord Kelvin, 
rough estimates had been obtained of the absolute 
dimensions and mass of the atoms. These brought out 
the minute size and mass of the atom and the enormous 
number of atoms necessary to produce a detectable 
effect in any kind of measurement. From this arose 
the general idea that the atomic theory must of 
necessity for ever remain unverifiable by direct ex- 
periment, and for this reason it was suggested by one 
school of thought that the atomic theory should be 
banished from the teaching of chemistry, and that the 
law of multiple proportions should be accepted as the 
ultimate fact of chemistry. 


While the vaguest ideas were held as to the possible 
structure of atoms, there was a general belief among 
the more philosophically minded that the atoms of 
the elements could not be regarded as simple un- 
connected units. The periodic variations of the 
properties of the elements brought out by Mendeléeff 
were only explicable if atoms were similar structures 
in some way constructed of similar material. We 
shall see that the problem of the constitution of atoms 
is intimately connected with our conception of the 
nature of electricity. The wonderful success of the 
electromagnetic theory had concentrated attention on 
the medium or ether surrounding the conductor of 
electricity, and little attention had been paid to the 
actual carriers of the electric current itself. At the 
same time the idea was generally gaining ground that 
an explanation of the results of Faraday’s experiments 
on electrolysis was only possible on the assumption 
that electricity, like matter, was atomic in nature. 
The name “electron” had even been given to this 
fundamental unit by Johnstone Stoney, and _ its 
magnitude roughly estimated, but the full recognition 
of the significance and importance of this conception 
belongs to the new epoch. 

For the clarifying of these somewhat vague ideas, 
the proof in 1897 of the independent existence of the 
electron as a mobile electrified unit, of mass minute 
compared with that of the lightest atom, was of 
extraordinary importance. It was soon seen that the 
electron must be of a constituent of all the atoms of 
matter, and that optical spectra had their origin in 
their vibrations. The discovery of the electron and 
the proof of its liberation by a variety of methods 
from all the atoms of matter was of the utmost 
significance, for it strengthened the view that the 
electron was probably the common unit in the structure 
of atoms which the periodic variation of the chemical 
properties had indicated. It gave for the first time 
some hope of the success of an attack on that most 
fundamental of all problems—the detailed structure of 
the atom. In the early development of this subject 
science owes much to the work of Sir J. J. Thomson, 
both for the boldness of his ideas and for his ingenuity 
in developing methods for estimating the number of 
electrons in the atom, and in probing its structure. 
He early took the view that the atom must be an 
electrical structure, held together by electrical forces, 
and showed in a general way lines of possible ex- 
planation of the variation of physical and chemical 
properties of the elements, exemplified in the periodic 
law. 

In the meantime our whole conception of the atom 
and of the magnitude of the forces which held it 
together were revolutionised by the study of radio- 
activity. The discovery of radium was a great step 
in advance, for it provided the experimenter with 
powerful sources of radiation specially suitable for 
examining the nature of the characteristic radiations 
which are emitted by the radioactive bodies in general. 
It was soon shown that the atoms of radioactive matter 
were undergoing spontaneous transformation, and that 
the characteristic radiations emitted, namely, the a-, B-, 
and y-rays, were an accompaniment and consequence 
of these atomic explosions. The wonderful succession 
of changes that occur in uranium and thorium, more 
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than thirty in number, was soon disclosed and simply in- 
terpreted on the transformation theory. The radioactive 
elements provide us for the first time with a glimpse into 
Nature’s laboratory, and allow us to watch and study, 
but not to control, the changes that have their origin in 
the heart of the radioactive atoms. These atomic ex- 
plosions involve energies which are gigantic compared 
with those involved in any ordinary physical or chemical 
process. In the majority of cases an a-particle is 
expelled at high speed, but in others a swift electron 
is ejected often accompanied by a y-ray, which is a 
very penetrating X-ray of high frequency. The proof 
that the a-particle is a charged helium atom for the 
first time disclosed the importance of helium as one 
of the units in the structure of the radioactive atoms, 
and probably also in that of the atoms of most of the 
ordinary elements. Not only then have the radio- 
active elements had the greatest direct influence on 
natural philosophy, but in subsidiary ways they have 
provided us with experimental methods of almost equal 
importance. The use of a-particles as projectiles with 
which to explore the interior of the atom has definitely 
exhibited its nuclear structure, has led to artificial 
disintegration of certain light atoms, and promises to 
yield more information yet as to the actual structure 
of the nucleus itself. 

The influence of radioactivity has also extended to 
yet another field of study of fascinating interest. We 
have seen that the first rough estimates of the size 
and mass of the atom gave little hope that we could 
detect the effect of a single atom. The discovery that 
the radioactive bodies expel actual charged atoms of 
helium with enormous energy altered this aspect of 
the problem. The energy associated with a single 
a-particle is so great that it can readily be detected by 
a variety of methods. Each a-particle, as Sir William 
Crookes first showed, produces a flash of light easily 
visible in a dark room when it falls on a screen coated 
with crystals of zinc sulphide. This scintillation 
method of counting individual particles has proved 
invaluable in many researches, for it gives us a method 
of unequalled delicacy for studying the effects of single 
atoms. The a-particle can also be detected electrically 
or photographically, but the most powerful and 
beautiful of all methods is that perfected by Mr. 
C. T. R. Wilson for observing the track through a gas, 
not of an a-particle alone, but of any type of penetrating 
radiation which produces ions or of electrified particles 
along its path. The method is comparatively simple, 
depending on the fact, first discovered by him, that 
if a gas saturated with moisture is suddenly cooled 
each of the ions produced by the radiation becomes 
the nucleus of a visible drop of water. The water- 
drops along the track of the a-particle are clearly 
visible to the eye, and can be recorded photographically. 
These beautiful photographs of the effect produced by 
single atoms or single electrons appeal, I think, greatly 
to all scientific men. They not only afford con- 
vincing evidence of the discrete nature of these particles, 
but also give us new courage and confidence that the 
scientific methods of experiment and deduction are to 
be relied upon in this field of inquiry ; for many of the 
essential points brought out so clearly and concretely 
in these photographs were correctly deduced long before 
such confirmatory photographs were available. At the 


same time, a minute study of the detail disclosed in 
these photographs gives us most valuable information 
and new clues on many recondite effects produced by 
the passage through matter of these flying projectiles 
and penetrating radiations. 

In the meantime a number of new methods had been 
devised to fix with some accuracy the mass of the 
individual atom and the number in any given quantity 
of matter. The concordant results obtained by widely 
different physical principles gave great confidence in 
the correctness of the atomic idea of matter. The 
method found capable of most accuracy depends on 
the definite proof of the atomic nature of electricity 
and the exact valuation of this fundamental unit of 
charge. We have seen that it was early surmised that 
electricity was atomic in nature. This view was con- 
firmed and extended by a study of the charges carried 
by electrons, a-particles, and the ions produced in gases 
by X-rays and the rays from radioactive matter. It 
was first shown by Townsend that the positive or 
negative charge carried by an ion in gases was invariably 
equal to the charge carried by the hydrogen ion in 
the electrolysis of water, which we have seen was 
assumed, and assumed correctly, by Johnstone Stoney 
to be the fundamental unit of charge. Various methods 
were devised to measure the magnitude of this funda- 
mental unit; the best known and most accurate is 
Millikan’s, which depends on comparing the pull of 
an electric field on a charged droplet of oil or mercury 
with the weight of the drop. His experiments gave a 
most convincing proof of the correctness of the electronic 
theory, and gave a measure of this unit, the most 
fundamental of all physical units, with an accuracy 
of about one in a thousand. Knowing this value, we 
can by the aid of electrochemical data easily deduce 
the mass of the individual atoms and the number of 
molecules in a cubic centimetre of any gas with an 
accuracy of possibly one in a thousand, but certainly 
better than one in a hundred. When we consider the 
minuteness of the unit of electricity and of the mass 
of the atom, this experimental achievement is one of 
the most notable even in an era of great advances. 

The idea of the atomic nature of electricity is very 
closely connected with the attack on the problem of 
the structure of the atom. If the atom is an electrical 
structure it can only contain an integral number of 
charged units, and, since it is ordinarily neutral, the 
number of units of positive charge must equal the 
number of negative. One of the main difficulties in 
this problem has been the uncertainty as to the relative 
part played by positive and negative electricity in the 
structure of the atom. We know that the electron 
has a negative charge of one fundamental unit, while 
the charged hydrogen atom, whether in electrolysis 
or in the electric discharge, has a charge of one positive 
unit. But the mass of the electron is only 1/1840 of 
the mass of the hydrogen atom, and though an ex- 
tensive search has been made, not the slightest evidence 
has been found of the existence of a positive electron 
of small mass like the negative. In no case has a 
positive charge been found associated with a mass less 
than that of the charged atom of hydrogen. This 
difference between positive and negative electricity is 
at first sight very surprising, but the deeper we pursue 
our inquiries the more this fundamental difference 
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between the units of positive and negative electricity 
is emphasised. In fact, as we shall see later, the atoms 
are quite unsymmetrical structures with regard to the 
positive and negative units contained in them, and 
indeed it seems certain that if there were not this 
difference in mass between the two units, matter, as 
we know it, could not exist. 

It is natural to inquire what explanation can be 
given of this striking difference in mass of the two 
units. I think all scientific men are convinced that the 
small mass of the negative electron is to be associated 
entirely with the energy of its electrical structure, 
so that the electron may be regarded as a disembodied 
atom of negative electricity. We know that an 
electron in motion, in addition to possessing an electric 
field, also generates a magnetic field around it, and 
energy in the electromagnetic form is stored in the 
medium and moves with it. This gives the electron 
an apparent or electrical mass, which, while nearly 
constant for slow speeds, increases rapidly as its velocity 
approaches that of light. This increase of mass is in 
good accord with calculation, whether based on the 
ordinary electrical theory or on the theory of relativity. 
Now we know that the hydrogen atom is the lightest 
of all atoms, and is presumably the simplest in structure, 
and that the charged hydrogen atom, which we shall 
see is to be regarded as the hydrogen nucleus, carries 
a unit positive charge. It is thus natural to suppose 
that the hydrogen nucleus is the atom of positive 
electricity, or positive electron, analogous to the 
negative electron, but differing from it in mass. 
Electrical theory shows that the mass of a given charge 
of electricity increases with the concentration, and the 
greater mass of the hydrogen nucleus would be 
accounted for if its size were much smaller than that 
of the electron. Such a conclusion is supported by 
evidence obtained from the study of the close collisions 
of a-particles with hydrogen nuclei. It is found that 
the hydrogen nucleus must be of minute size, of radius 
less than the electron, which is usually supposed to be 
about 10-18 cm.; also the experimental evidence is 
not inconsistent with the view that the hydrogen 
nucleus may actually be much smaller than the electron. 
While the greater mass of the positive atom of electricity 
may be explained in this way, we are still left with the 
enigma why the two units of electricity should differ 
so markedly in this respect. In the present state of 
our knowledge it does not seem possible to push this 
inquiry further, or to discuss the problem of the 
relation of these two units. 

We shall see that there is the strongest evidence 
that the atoms of matter are built up of these two 
electrical units, namely the electron and the hydrogen 
nucleus or proton, as it is usually called when it forms 
part of the structure of any atom. It is probable 
that these two are the fundamental and indivisible 
units which build up our universe, but we may reserve 
in our mind the possibility that further inquiry may 
some day show that these units are complex, and 
divisible into even more fundamental entities. On the 
views we have outlined, the mass of the atom is the 
sum of the electrical masses of the individual charged 
units composing its structure, and there is no need to 
assume that any other kind of mass exists. At the 
same time, it is to be borne in mind that the actual 


mass of an atom may be somewhat less than the sum 
of the masses of component positive and negative 
electrons when in the free state. On account of the 
very close proximity of the charged units in the nucleus 
of an atom, and the consequent disturbance of the 
electric and magnetic fields surrounding them, such a 
decrease of mass is to be anticipated on general theo- 
retical grounds. 

We must now look back again to the earlier stages 
of the present epoch in order to trace the development 
of our ideas on the detailed structure of the atom. 
That electrons as such were important constituents 
was clear by 1goo, but little real progress followed 
until the part played by the positive charges was 
made clear. New light was thrown on this subject by 
examining the deviation of a-particles when they 
passed through the atoms of matter. It was found 
that occasionally a swift a-particle was deflected from 
its rectilinear path through more than a right angle 
by an encounter witha single atom. In sucha collision 
the laws of dynamics ordinarily apply, and the relation 
between the velocities of the colliding atoms before 
and after collision are exactly the same as if the two 
colliding particles are regarded as perfectly elastic 
spheres of minute dimensions. It must, however, be 
borne in mind that in these atomic collisions there is 
no question of mechanical impacts such as we observe 
with ordinary matter. The reaction between the two 
particles occurs through the intermediary of the power- 
ful electric fields that surround them. Beautiful 
photographs illustrating the accuracy of these laws of 
collision between an a-particle and an atom have been 
obtained by Messrs. Wilson, Blackett, and others. 
while Mr. Wilson has recently obtained many striking 
illustrations of collisions between two electrons. Re- 
membering the great kinetic energy of the a-particle, 
its deflexion through a large angle in a single atomic 
encounter shows clearly that very intense deflecting 
forces exist inside the atom. It seemed clear that 
electric fields of the required magnitude could be 
obtained only if the main charge of the atom were 
concentrated in a minute nucleus. From this arose 
the conception of the nuclear atom, now so well known, 
in which the heart of the atom is supposed to consist 
of a minute but massive nucleus, carrying a positive 
charge of electricity, and surrounded at a distance by 
the requisite number cf electrons to form a neutral 
atom. 

A detailed study of the scattering of a-particles at 
different angles, by Geiger and Marsden, showed that 
the results were in close accord with this theory, and 
that the intense electric forces near the nucleus varied 
according to the ordinary inverse square law. In 
addition, the experiments allowed us to fix an upper 
limit for the dimensions of the nucleus. For a heavy 
atom like that of gold the radius of the nucleus, if 
supposed to be spherical, was less than one-thousandth 
of the radius of the complete atom surrounded by its 
electrons, and certainly less than 4x10- cm. All 
the atoms were found to show this nuclear structure, 
and an approximate estimate was made of the nuclear 
charge of different atoms. This type of nuclear atom, 
based on direct experimental evidence, possesses some 
very simple properties. It is obvious that the number 
of units of resultant positive charge in the nucleus 
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fixes the number of the outer planetary electrons in 
the neutral atom. In addition, since these outer 
electrons are in some way held in equilibrium by the 
attractive forces from the nucleus, and, since we are 
confident from general physical and chemical evidence 


that all atoms of any one element are identical in their | 


external structure, it is clear that their arrangement 
and motion must be governed entirely by the magnitude 
of the nuclear charge. Since the ordinary chemical 
and physical properties are to be ascribed mainly to 
the configuration and motion of the outer electrons. it 
follows that the properties of an atom are defined by 
a whole number representing its nuclear charge. It 
thus becomes of great importance to determine the 
value of this nuclear charge for the atoms of all the 
elements. 

Data obtained from the scattering of a-particles, 
and also from the scattering of X-rays by light elements, 
indicated that the nuclear charge of an element was 
numerically equal to about half the atomic weight in 
terms of hydrogen. It was fairly clear from general 
evidence that the hydrogen nucleus had a charge one, 
and the helium nucleus (the a-particle) a charge two. 
At this stage another discovery of great importance 
provided a powerful method of attack on this problem. 
The investigation by Laue on the diffraction of 
X-rays by crystals had shown definitely that X-rays 
were electromagnetic waves of much shorter wave- 
length than light, and the experiments of Sir William 
Bragg and W. L. Bragg had provided simple methods 
for studying the spectra of a beam of X-rays. It was 
found that the spectrum in general shows a continuous 
background on which is superimposed a spectrum of 
bright lines. At this stage H. G. J. Moseley began a 
research with the intention of deciding whether the 
properties of an element depended on its nuclear charge 
rather than on its atomic weight as ordinarily supposed. 
For this purpose the X-ray spectra emitted by a number 
of elements were examined and found to be all similar 
in type. The frequency of a given line was found to 
vary very nearly as the square of a whole number which 
varied by unity in passing from one element to the 
next. Moseley identified this whole number with the 
atomic or ordinal number of the elements when arranged 
in increasing order of atomic weight, allowance being 
made for the known anomalies in the periodic table and 
for certain gaps corresponding to possible but missing 
elements. He concluded that the atomic number of 
an element was a measure of its nuclear charge, and the 
correctness of this deduction has been recently verified 
by Chadwick by direct experiments on the scattering of 
a-particles. Moseley’s discovery is of fundamental im- 
portance, for it not only fixes the number of electrons in 
all the atoms, but also shows conclusively that the pro- 
perties of an atom, as had been surmised, are determined 
not by its atomic weight but by its nuclear charge. A 
relation of unexpected simplicity is thus found to hold 
between the elements. No one could have anticipated 
that with few exceptions all atomic numbers between 
hydrogen 1, and uranium 92, would correspond to 
known elements. The great power of Moseley’s law in 
fixing the atomic number of an element is well illus- 
trated by the recent discovery by Coster and Hevesy in 
Copenhagen of the missing element of atomic number 
72, which they have named “ hafnium.” 


Once the salient features of the structure of atoms 
have been fixed and the number of electrons known, 
the further study of the structure of the atom falls 
naturally into two great divisions: one, the arrange- 
ment of the outer electrons which controls the main 
physical and chemical properties of an element, and the 
other, the structure of the nucleus on which the mass 
and radioactivity of the atom depend. On the nuclear 
theory the hydrogen atom is of extreme simplicity, con- 
sisting of a singly-charged positive nucleus with only 
one attendant electron. The position and motions of 
the single electron must account for the complicated 
optical spectrum, and whatever physical and chemical 
properties are to be attributed to the hydrogen atom. 
The first definite attack on the problem of the electronic 
structure of the atom was made by Niels Bohr. He 
saw clearly that, if this simple constitution was assumed, 
it is impossible to account for the spectrum of hydrogen 
on the classical electrical theories, but that a radical 
departure from existing views was necessary. For this 
purpose he applied to the atom the essential ideas of 
the quantum theory which had been developed by 
Planck for other purposes, and had been found of great 
service in explaining many fundamental difficulties in 
other branches of science. On Planck’s theory, radia- 
tion is emitted in definite units or quanta, in which 
the energy E ofa radiation is equal to hv where v is the 
frequency of the radiation measured by the ordinary 
methods and / a universal constant. This quantum of 
radiation is not a definite fixed unit like the atom of 
electricity, for its magnitude depends on the frequency 
of the radiation. For example, the energy of a 
quantum is small for visible light, but becomes large 
for radiation of high frequency corresponding to the 
X-rays or the y-rays from radium. 

Time does not allow me to discuss the underlying 
meaning of the quantum theory or the difficulties con- 
nected with it. Certain aspects of the difficulties were 
discussed in the presidential address before this Associa- 
tion by Sir Oliver Lodge at Birmingham in 1913. It 
suffices to say that this theory has proved of great value 
in several branches of science, and is supported by a 
large mass of direct experimental evidence. 

In applying the quantum theory to the structure of 
the hydrogen atom Bohr supposed that the single 
electron could move in a number of stable orbits, con- 
trolled by the attractive force of the nucleus, without 
losing energy by radiation. The position and character 
of these orbits were defined by certain quantum rela- 
tions depending on one or more whole numbers. It 
was assumed that radiation was only emitted when the 
electron for some reason was transferred from one stable 
orbit to another of lower energy. In such a case it was 
supposed that a homogeneous radiation was emitted of 
frequency v determined by the quantum relation E =hv 
where E was the difference of the energy of the electron 
in the two orbits. Some of these possible orbits are 
circular, others elliptical, with the nucleus as a focus, 
while if the change of mass of the electron with velocity 
is taken into account the orbits, as Sommerfeld showed, 
depend on two quantum numbers, and are not closed, 
but consist of a nearly elliptical orbit slowly rotating 
round the nucleus. In this way it is possible not only 
to account for the series relations between the bright 
lines of the hydrogen spectrum, but also to explain the 
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fine structure of the lines and the very complicated 
changes observed when the radiating atoms are ex- 
posed in a strong magnetic or electric field. Under 
ordinary conditions the electron in the hydrogen atom 
rotates in a circular orbit close to the nucleus, but if 
the atoms are excited by an electric discharge or other 
suitable method, the electron may be displaced and 
occupy any one of the stable positions specified by the 
theory. In a radiating gas giving the complete 
hydrogen spectrum there will be present many different 
kinds of hydrogen atoms, in each of which the electron 
describes one of the possible orbits specified by the 
theory. On this view it is seen that the variety of 
modes of vibration of the hydrogen atom is ascribed, 
not to complexity of the structure of the atom, but to 
the variety of stable orbits which an electron may 
occupy relative to the nucleus. This novel theory of 
the origin of spectra has been developed so as to apply 
not to hydrogen alone but to all the elements, and has 
been instrumental in throwing a flood of light on the 
relations and origin of their spectra, both X-ray and 
optical. The information thus gained has been applied 
by Bohr to determine the distribution of the electrons 
round the nucleus of any atom. The problem is ob- 
viously much less complicated for hydrogen than for a 
heavy atom, where each of the large number of electrons 
present acts on the other, and where the orbits described 
are much more intricate than the orbit of the single 
electron in hydrogen. Notwithstanding the great diffi- 
culties of such a complicated system of electrons in 
motion, it has been possible to fix the quantum numbers 
that characterise the motion of each electron, and to 
form at any rate a rough idea of the character of the 
orbit. 

These planetary electrons divide themselves up into 
groups, according as their orbits are characterised by 
one or more equal quantum numbers. Without going 
into detail a few examples may be given to illustrate 
the conclusions which have been reached. As we have 
seen, the first element, hydrogen, has a nuclear charge of 
1 and 1 electron ; the second, helium, has a charge 2 and 
2 electrons, moving in coupled orbits on the detailed 
nature of which there is still some uncertainty. These 
two electrons form a definite group, known as the K 
group, which is common to all the elements except 
hydrogen. For increasing nuclear charge the K group 
of electrons retains its characteristics, but moves with 
increasing speed, and approaches closer to the nucleus. 
As we pass from helium of atomic number 2 to neon, 
number 10, a new group of electrons is added consisting 
of two sub-groups, each of four electrons, together 
called the L group. This L group appears in all atoms 
of higher atomic number, and, as in the case of the K 
group, the speed of motion of the electrons increases, 
and the size of their orbits diminishes with the atomic 
number. When once the L group has been completed 
a new and still more complicated M group of electrons 
begins forming outside it, and a similar process goes on 
until uranium, which has the highest atomic number, is 
reached. 

It may be of interest to try to visualise the concep- 
tion of the atom we have so far reached by taking for 
illustration the heaviest atom, uranium. At the centre 
of the atom is a minute nucleus surrounded by a 
swirling group of 92 electrons, all in motion in definite 


orbits, and occupying but by no means filling a volume 
very large compared with that of the nucleus. Some 
of the electrons describe nearly circular orbits round 
the nucleus ; others, orbits of a more elliptical shape 
with axes rotating rapidly round the nucleus. The 
motion of the electrons in the different groups is not 
necessarily confined to a definite region of the atom, 
but the electrons of one group may penetrate deeply 
into the region mainly occupied by another group, 


thus giving a type of inter-connexion or coupling 


between the various groups. The maximum speed of 
any electron depends on the closeness of the approach 
to the nucleus, but the outermost electron will have a 
minimum speed of more than 1ooo kilometres per 
second, while the innermost K electrons have an 
average speed of more than 150,000 kilometres per 
second, or half the speed of light. When we visualise 
the extraordinary complexity of the electronic system 
we may be surprised that it has been possible to find 
any order in the apparent medley of motions. 

In reaching these conclusions, which we owe largely 
to Prof. Bohr and his co-workers, every available kind 
of data about the different atoms has been taken into 
consideration. A study of the X-ray spectra, in par- 
ticular, affords information of great value as to the 
arrangement of the various groups in the atom, while 
the optical spectrum and general chemical properties 
are of great importance in deciding the arrangements 
of the superficial electrons. While the solution of the 
grouping of the electrons proposed by Bohr has been 
assisted by considerations of this kind, it is not empirical 
in character, but has been largely based on general 
theoretical considerations of the orbits of electrons that 
are physically possible on the generalised quantum 
theory. The real problem involved may be illustrated 
in the following way. Suppose the gold nucleus be 
in some way stripped of its attendant seventy-nine 
electrons and that the atom is reconstituted by the 
successive addition of electrons one by one. According 
to Bohr, the atom will be reorganised in one way only, 
and one group after another will successively form and 
be filled up in the manner outlined. The nucleus atom 
has often been likened to a solar system where the sun 
corresponds to the nucleus and the planets to the 
electrons. The analogy, however, must not be pressed 
too far. Suppose, for example, we imagined that some 
large and swift celestial visitor traverses and escapes 
from our solar system without any catastrophe to itself 
or the planets. There will inevitably result permanent 
changes in the lengths of the month and year, and our 
system will never return to its original state. Contrast 
this with the effect of shooting an electron or a-particle 
through the electronic structure of the atom. The 
motion of many of the electrons will be disturbed by 
its passage, and in special cases an electron may be 
removed from its orbit and hurled out of its atomic 
system. Ina short time another electron will fall into 
the vacant place from one of the outer groups, and this 
vacant place in turn will be filled up, and so on until 
the atom is again reorganised. In all cases the final 
state of the electronic system is the same as in the 
beginning. This illustration also serves to indicate 
the origin of the X-rays excited in the atom, for these 
arise in the process of re-formation of an atom from 
which an electron has been ejected, and the radiation 
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of highest frequency arises when the electron is removed 
from the K group. 

It is possibly too soon to express a final opinion on 
the accuracy of this theory which defines the outer 
structure of the atom, but there can be no doubt that 
it constitutes a great advance. Not only does it offer 
a general explanation of the optical and X-ray spectra 
of the atom, but it accounts in detail for many of the 
most characteristic features of the periodic law of 
Mendeléeff. It gives us for the first time a clear idea 
of the reason for the appearance in the family of 
elements of groups of consecutive elements with similar 
chemical properties, such as the groups analogous to 
the iron group and the unique group of rare earths. 
The theory of Bohr, like all living theories, has not 
only correlated a multitude of isolated facts known 
about the atom, but has shown its power to predict 
new relations which can be verified by experiment. 
For example, the theory predicted the relations which 
must subsist between the Rydberg constants of the 
arc and spark spectra, and generally between all the 
successive optical spectra of an element, a prediction 
so strikingly confirmed by Paschen’s work on the 
spectrum of doubly ionised aluminium and Fowler’s 
work on the spectrum of trebly ionised silicon. Finally, 
it predicted with such great confidence the chemical 
properties of the missing element, number 72, that it 
gave the necessary incentive for its recent discovery. 

While the progress of our knowledge of the outer 
structure of atoms has been much more rapid than 
could have been anticipated, we clearly see that only 
a beginning has been made on this great problem, and 
that an enormous amount of work is still required 
before we can hope to form anything like a complete 
picture even of the outer structure of the atom. We 
may be confident that the main features of the structure 
are clear, but in a problem of such great complexity 
progress in detail must of necessity be difficult and 
slow. 

We have not so far referred to the very difficult 
question of the explanation on this theory of the 
chemical combination of atoms. In fact, as yet the 
theory has scarcely concerned itself with molecular 
structure. On the chemical side, however, certain 
advances have already been made, notably by G. N. 
Lewis, Kossel, and Langmuir, in the interpretation of 
the chemical evidence by the idea of shared electrons, 
which play a part in the electronic structure of two 
combined atoms. There can be little doubt that the 
next decade will see an intensified attack by physicists 
and chemists en this very important but undoubtedly 
very complicated question. 

Before leaving this subject, it may be of interest to 
refer to certain points in Bohr’s theory of a more 
philosophical nature. It is seen that the orbits and 
energies of the various groups of electrons can be 
specified by certain quantum numbers, and the nature 
of the radiation associated with a change of orbit can 
be defined. But at the same time we cannot explain 
why these orbits are alone permissible under normal 
conditions, or understand the mechanism by which 
radiation is emitted. It may be quite possible to 
formulate accurately the energy relation of the electrons 
in the atom on a simple theory, and to explain in 
considerable detail all the properties of an atom, 


without any clear understanding of the underlying 
processes which lead to these results. It is natural to 
hope that with advance of knowledge we may be able 
to grasp the details of the process which leads to the 
emission of radiation, and to understand why the orbits 
of the electrons in the atom are defined by the quantum 
relations. Some, however, are inclined to take the 
view that in the present state of knowledge it may be 
quite impossible in the nature of things to form that 
detailed picture in space and time of successive events 
that we have been accustomed to consider as so im- 
portant a part of a complete theory. The atom is 
naturally the most fundamental structure presented 
to us. Its properties must explain the properties of 
all more complicated structures, including matter in 
bulk, but we may not, therefore, be justified in expect- 
ing that its processes can be explained in terms of 
concepts derived entirely from a study of molar 
properties. The atomic processes involved may be so 
fundamental that a complete understanding may be 
denied us. It is early yet to be pessimistic on this 
question, for we may hope that our difficulties may any 
day be resolved by further discoveries. 

We must now turn our attention to that new and 
comparatively unexplored territory, the nucleus of 
the atom. In a discussion on the structure of the 
atom ten years ago, in answer to a question on the 
structure of the nucleus, I was rash enough to say 
that it was a problem that might well be left to the 
next generation, for at that time there seemed to be 
few obvious methods of attack to throw light on its 
constitution. While much more progress has been 
made than appeared possible at that time, the problem 
of the structure of the nucleus is inherently more 
difficult than the allied problem already considered of 
the structure of the outer atom, where we have a 
wealth of information obtained from the study of 
light and X-ray spectra and from the chemical pro- 
perties to test the accuracy of our theories. 

In the case of the nucleus, we know its resultant 
charge, fixed by Moseley’s law, and its mass, which is 
very nearly equal to the mass of the whole atom, 
since the mass of the planetary electrons is relatively 
very small and may for most purposes be neglected. 
We know that the nucleus is of size minute compared 
with that of the whole atom, and can with some con- 
fidence set a maximum limit to its size. The study 
of radioactive bodies has provided us with very valu- 
able information on the structure of the nucleus, for 
we know that the a- and (-particles must be expelled 
from it, and there is strong evidence that the very 
penetrating y-rays represent modes of vibration of 
the electrons contained in its structure. In the long 
series of transformations which occur in the uranium 
atom, eight a-particles are emitted and six electrons, 
and it seems clear that the nucleus of a heavy atom 
is built up, in part at least, of helium nuclei and 
electrons. It is natural to suppose that many of the 
ordinary stable atoms are constituted in a similar way. 
It is a matter of remark that no indication has been 
obtained that the lightest nucleus, namely, that of 
hydrogen, is liberated in these transformations, where the 
processes occurring are of so fundamental a character. 
At the same time, it is evident that the hydrogen 
nucleus must be a unit in the structure of some atoms, 
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and this has been confirmed by direct experiment. 
Dr. Chadwick and I have observed that swift hydrogen 
nuclei are released from the elements boron, nitrogen, 
fluorine, sodium, aluminium, and phosphorus when 
they are bombarded by swift a-particles, and there is 
little room for doubt that these hydrogen nuclei form 
an essential part of the nuclear structure. The speed 
of ejection of these nuclei depends on the velocity 
of the a-particle and on the element bombarded. It 
is of interest to note that the hydrogen nuclei are 
liberated in all directions, but the speed in the back- 
ward direction is always somewhat less than in the 
direction of the a-particle. Such a result receives a 
simple explanation if we suppose that the hydrogen 
nuclei are not built into the main nucleus but exist 
as satellites probably in motion round a central core. 
There can be no doubt that bombardment by 
a-particles has effected a veritable disintegration of 
the nuclei of this group of elements. It is significant 
that the liberation of hydrogen nuclei only occurs in 
elements of odd atomic number, namely, 5, 7, 9, 11, 13, 
15, the elements of even number appearing quite un- 
affected. For a collision of an a-particle to be effective, 
it must either pass close to the nucleus or actually 
penetrate its structure. The chance of this is ex- 
cessively small on account of the minute size of the 
nucleus. For example, although each individual 
a-particle will pass through the outer structure of more 
than 100,000 atoms of aluminium in its path, it is 
only about one a-particle in a million that gets close 
enough to the nucleus to effect the liberation of its 
hydrogen satellite. 

This artificial disintegration of elements by a-particles 
takes place only on a minute scale, and its observation 
has only been possible by the counting of individual 
swift hydrogen nuclei by the scintillations they produce 
in zinc sulphide. 

These experiments suggest that the hydrogen nucleus 
or proton must be one of the fundamental units which 
build up a nucleus, and it seems highly probable that 
the helium nucleus is a secondary building unit com- 
posed of the very close union of four protons and two 
electrons. The view that the nuclei of all atoms are 
ultimately built up of protons of mass nearly one and 
of electrons has been strongly supported and extended 
by the study of isotopes. It was early observed that 
some of the radioactive elements which showed distinct 
radioactive properties were chemically so alike that 
it was impossible to effect their separation when mixed 
together. Similar elements of this kind were called 
“isotopes ” by Soddy, since they appeared to occupy 
the same place in the periodic table. For example, a 
number of radioactive elements in the uranium and 
thorium series have been found to have physical and 
chemical properties identical with those of ordinary 
lead, but yet to have atomic weights differing from 
ordinary lead, and also distinctive radioactive pro- 
perties. The nuclear theory of the atom offers at 
once a simple interpretation of the relation between 
isotopic elements. Since the chemical properties of 
an element are controlled by its nuclear charge and 
little influenced by its mass, isotopes must correspond 
to atoms with the same nuclear charge but of different 
nuclear mass. Such a view also offers a simple 
explanation why the radioactive isotopes show different 


radioactive properties, for it is to be anticipated that 
the stability of a nucleus will be much influenced by 
its mass and arrangement. 

Our knowledge of isotopes has been widely extended 
in the last few years by Aston, who has devised an 
accurate direct method for showing the presence of 
isotopes in the ordinary elements. He has found that 
some of the elements are “ pure ”—7.e. consist of atoms 
of identical mass—while others contain a mixture of 
two or more isotopes. In the case of the isotopic 
elements, the atomic mass, as ordinarily measured by 
the chemist, is a mean value depending on the atomic 
masses of the individual isotopes and their relative 
abundance. These investigations have not only shown 
clearly that the number of distinct species of atoms is 
much greater than was supposed, but have also brought 
out a relation between the elements of great interest 
and importance. The atomic masses of the isotopes 
of most of the elements examined have been found, 
to an accuracy of about one in a thousand, to be 
whole numbers in terms of oxygen, 16. This indicates 
that the nuclei are ultimately built up of protons of 
mass very nearly 1 and of electrons. It is natural 
to suppose that this building unit is the hydrogen 
nucleus, but that its average mass in the complex 
nucleus is somewhat less than its mass in the free state 
owing to the close packing of the charged units in the 
nuclear structure. We have already seen that the 
helium nucleus of mass 4 is probably a secondary unit 
of great importance in the building up of many atoms, 
and it may be that other simple combinations of 
protons and electrons of mass 2 and 3 occur in the 
nucleus, but these have not been observed in the free 
state. 

While the mass of the majority of the isotopes are 
nearly whole numbers, certain cases have been observed 
by Aston where this rule is slightly departed from. 
Such variations in mass may ultimately prove of great 
importance in throwing light on the arrangement and 
closeness of packing of the protons and electrons, and 
for this reason it is to be hoped that it may soon prove 
possible to compare atomic masses of the elements 
with much greater precision even than at present. 

While we may be confident that the proton and the 
electron are the ultimate units which take part in the 
building up of all nuclei, and can deduce with some 
certainty the number of protons and electrons in the 
nuclei of all atoms, we have little, if any, information 
on the distribution of these units in the atom or on 
the nature of the forces that hold them in equilibrium. 
While it is known that the law of the inverse square 
holds for the electrical forces some distance from the 
nucleus, it seems certain that this law breaks down 
inside the nucleus. A detailed study of the collisions 
between a-particles and hydrogen atoms, where the 
nuclei approach very close to each other, shows that 
the forces between nuclei increase ultimately much 
more rapidly than is to be expected from the law of the 
inverse square, and it may be that new and unexpected 
forces may come into importance at the very small 
distances separating the protons and electrons in the 
nucleus. Until we gain more information on the 
nature and law of variation of the forces inside the 
nucleus, further progress on the detailed structure o! 
the nucleus may be difficult. At the same time, there 
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are still a number of hopeful directions in which an 
attack may be made on this most difficult of problems. 
A detailed study of the y-rays from radioactive bodies 
may be expected to yield information as to the motion 
of the electrons inside the nucleus, and it may be, as 
Ellis has suggested, that quantum laws are operative 
inside as well as outside the nucleus. From a study 
of the relative proportions of the elements in the 
earth’s crust, Harkins has shown that elements of 
even atomic number are much more abundant than 
elements of odd number, suggesting a marked difference 
of stability in these two classes of elements. It seems 
probable that any process of stellar evolution must be 
intimately connected with the building up of complex 
nuclei from simpler ones, and its study may thus be 
expected to throw much light on the evolution of the 
elements. 

The nucleus of a heavy atom is undoubtedly a very 
complicated system, and in a sense a world of its own, 
little, if at all, influenced by the ordinary physical and 
chemical agencies at ourcommand. When we consider 
the mass oi a nucleus compared with its volume it seems 
certain that its density is many billions of times that 
of our heaviest element. Yet, if we could form a 
magnified picture of the nucleus, we should expect that 
it would show a discontinuous structure, occupied but 
not filled by the minute building units, the protons and 
electrons, in ceaseless rapid motion controlled by their 
mutual forces. 

Before leaving this subject it is desirable to say a 
few words on the important question of the energy 
relations involved in the formation and disintegration 
of atomic nuclei, first opened up by the study of 
radioactivity. For example, it is well known that the 
total evolution of energy during the complete disinte- 
gration of one gram of radium is many millions of 
times greater than in the complete combustion of an 
equal weight of coal. It is known that this energy is 
initially mostly emitted in the kinetic form of swift a- 
and #-particles, and the energy of motion of these 
bodies is ultimately converted into heat when they 
are stoppéd by matter. Since it is believed that the 
radioactive elements are analogous in structure to 
the ordinary inactive elements, the idea naturally arose 
that the atoms of all the elements contained a similar 
concentration of energy, which would be available for 
use if only some simple method could be discovered of 
promoting and controlling their disintegration. This 
possibility of obtaining new and cheap sources of 
energy for practical purposes was naturally an alluring 
prospect to the lay and scientific man alike. It is quite 
true that, if we were able to hasten the radioactive 
processes in uranium and thorium so that the whole 
cycle of their disintegration could be confined to a few 
days instead of being spread over thousands of millions 
of years, these elements would provide very convenient 
sources of energy on a sufficient scale to be of consider- 
able practical importance. Unfortunately, although 
many experiments have been tried, there is no evidence 
that the rate of disintegration of these elements can 
be altered in the slightest degree by the most powerful 
laboratory agencies. With increase in our knowledge 
of atomic structure there has been a gradual change of 
our point of view on this important question, and there 
is by no means the same certainty to-day as a decade 
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ago that the atoms of an element contain hidden stores 


| of energy. It may be worth while to spend a few 


minutes in discussing the reason for this change in 
outlook. This can best be illustrated by considering 
an interesting analogy between the transformation of 
a radioactive nucleus and the changes in the electron 
arrangement of an ordinary atom. It is now well 
known that it is possible by means of electron bombard- 
ment or by appropriate radiation to excite an atom in 
such a way that one of its superficial electrons is dis- 
placed from its ordinary stable position to another 
temporarily stable position further removed from the 
nucleus. This electron in course of time falls back into 
its old position, and its potential energy is converted 
into radiation in the process. There is some reason for 
believing that the electron has a definite average life in 
the displaced position, and that the chance of its return 
to its original position is governed by the laws of prob- 
ability. In some respects an “ excited ” atom of this 
kind is thus analogous to a radioactive atom, but of 
course the energy released in the disintegration of a 
nucleus is of an entirely different order of magnitude 
from the energy released by return of the electron in 
the excited atom. It may be that the elements, 
uranium and thorium, represent the sole survivals in 
the earth to-day of types of elements that were common 
in the long-distant ages, when the atoms now composing 
the earth were in course of formation. A fraction of 
the atoms of uranium and thorium formed at that time 
has survived over the long interval on account of their 
very slow rate of transformation. It is thus possible to 
regard these atoms as having not yet completed the 
cycle of changes which the ordinary atoms have long 
since passed through, and that the atoms are still in the 
“* excited ”’ state where the nuclear units have not yet 
arranged themselves in positions of ultimate equili- 
brium, but still have a surplus of energy which can only 
be released in the form of the characteristic radiation 
from active matter. On such a view, the presence of 
a store of energy ready for release is not a property of 
all atoms, but only of a special class of atoms like the 
radioactive atoms which have not yet reached the final 
state for equilibrium. 

It may be urged that the artificial disintegration of 
certain elements by bombardment with swift a-particles 
gives definite evidence of a store of energy in some of the 
ordinary elements, for it is known that a few of the 
hydrogen nuclei, released from aluminium for example, 
are expelled with such swiftness that the particle has a 
greater individual energy than the a-particle which 
causes their liberation. Unfortunately, it is very 
difficult to give a definite answer on this point until we 
know more of the details of this disintegration. 

On the other hand, another method of attack on 
this question has become important during the last 
few years, based on the comparison of the relative 
masses of the elements. This new point of view can 
best be illustrated by a comparison of the atomic 
masses of hydrogen and helium. As we have seen, it 
seems very probable that helium is not an ultimate unit 
in the structure of nuclei, but is a very close combina- 
tion of four hydrogen nuclei and two electrons. The 
mass of the helium nucleus, 4-00 in terms of O= 16, is 
considerably less than the mass, 4:03, of four hydrogen 
nuclei. On modern views there is believed to be a very 
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close connexion between mass and energy, and this loss 
in mass in the synthesis of the helium nucleus from 
hydrogen nuclei indicates that a large amount of energy 
in the form of radiation has been released in the building 
of the helium nucleus from its components. It is easy 
to calculate from this loss of mass that the energy set 
free in forming one gram of helium is large even com- 
pared with that liberated in the total disintegration 
of one gram of radium. For example, calculation 
shows that the energy released in the formation of one 
pound of helium gas is equivalent to the energy emitted 
in the complete combustion of about eight thousand 
tons of pure carbon. It has been suggested by Edding- 
ton and Perrin that it is mainly to this source of energy 
that we must look to maintain the heat emission of the 
sun and hot stars over long periods of time. Calcula- 
tions of the loss of heat from the sun show that this 
synthesis of helium need only take place slowly in order 
to maintain the present rate of radiation for periods 
of the order of one thousand million years. It must 
be acknowledged that these arguments are somewhat 
speculative in character, for no certain experimental 
evidence has yet been obtained that helium can be 
formed from hydrogen. 

The evidence of the slow rate of stellar evolution, 
however, certainly indicates that the synthesis of 
helium, and perhaps other elements of higher atomic 
weight, may take place slowly in the interior of hot 
stars. While in the electric discharge through hydrogen 
at low pressure we can easily reproduce the conditions 
of the interior of the hottest star so far as regards the 
energy of motion of the electrons and hydrogen nuclei, 
we cannot hope to reproduce that enormous density of 
radiation which must exist in the interior of a giant 
star. For this and other reasons it may be very difficult, 
or even impossible, to produce helium from hydrogen 
under laboratory conditions. 

If this view of the great heat emission in the forma- 
tion of helium be correct, it is clear that the helium 
nucleus is the most stable of all nuclei, for an amount 
of energy corresponding to three or four a-particles 
would be required to disrupt it into its components. 
In addition, since the mass of the proton in nuclei is 
nearly 1-000 instead of its mass 1-0072 in the free state, 
it follows that much more energy must be put into the 
atom than will be liberated by its disintegration into 
its ultimate units. At the same time, if we consider 
an atom of oxygen, which may be supposed to be built 
up of four helium nuclei as secondary units, the change 
of mass, if any, in its synthesis from already formed 
helium nuclei is so small that we cannot yet be certain 
whether there will be a gain or loss of energy by its dis- 
integration into helium nuclei, but in any case we are 
certain that the magnitude of ‘the energy will be much 
less than for the synthesis of helium from hydrogen. 
Our information on this subject of energy changes in 
the formation or disintegration of atoms in general 
is as yet too uncertain and speculative to give 
any decided opinion on future possibilities in this 
direction, but I have endeavoured to outline some of 
the main arguments which should be taken into 
account. 

I must now bring to an end my survey, I am airaid 
all too brief and inadequate, of this great period of 
advance in physical science. In the short time at my 


disposal it has been impossible for me, even if I had the 
knowledge, to refer to the great advances made during 
the period under consideration in all branches of pure 
and applied science. I am well aware that in some 
departments the progress made may justly compare 
with that of my own subject. In these great additions 
to our knowledge of the structure of matter every 
civilised nation has taken an active part, but we may 
be justly proud that Great Britain has made many 
fundamental contributions. With this country I must 
properly include the Dominions overseas, for they 
have not been behindhand in their contributions to 
this new knowledge. It is, I am sure, a matter of 
pride to this country that the scientific men of the 
Dominions have been responsible for some of the most 
fundamental discoveries of this epoch, particularly in 
radioactivity. 

This tide of advance was continuous from 1896, but 
there was an inevitable slackening during the War. 
It is a matter of good omen that, in the last few years, 
the old rate of progress has not only been maintained 
but even intensified, and there appears to be no obvious 
sign that this period of great advances has come to an 
end. There has never been a time when the enthusiasm 
of the scientific workers was greater, or when there was 
a more hopeful feeling that great advances were 
imminent. This feeling is no doubt in part due to the 
great improvement during this epoch of the technical 
methods of attack, for problems that at one time 
seemed unattackable are now seen to be likely to fall 
before the new methods. In the main, the epoch under 
consideration has been an age of experiment, where 
the experimenter has been the pioneer in the attack 
on new problems. At the same time, it has been also 
an age of bold ideas in theory, as the quantum theory 
and the theory of relativity so well illustrate. 

I feel it is a great privilege to have witnessed this 
period, which may almost be termed the renaissance 
of physics. It has been of extraordinary intellectual 
interest to watch the gradual unfolding of new ideas 
and the ever-changing methods of attack on difficult 
problems. It has been of great interest, too, to note 


“the comparative simplicity of the ideas that have 


ultimately emerged. For example, no one could have 
anticipated that the general relation between the 
elements would prove to be of so simple a character as 
we now believe it to be. It is an illustration of the fact 
that Nature appears to work in a simple way, and that 
the more fundamental the problem, often the simpler 
are the conceptions needed for its explanation. The 
rapidity and certitude of the advance in this epoch 
have largely depended on the fact that it has been 
possible to devise experiments so that few variables 
were involved. For example, the study of the structure 
of the atom has been much facilitated by the possibility 
of examining the effects due to a single atom of matter, 
or, as in radioactivity or X-rays, of studying processes 
going on in the individual atom which were quite 
uninfluenced by external conditions. 

In watching the rapidity of this tide of advance in 
physics I have become more and more impressed by 
the power of the scientific method of extending our 
knowledge of Nature. Experiment, directed by the 
disciplined imagination either of an individual, or stil! 
better, of a group of individuals of varied mental 
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outlook.is able to achieve results which far transcend the 
imagination aione of the greatest natural philosopher. 
Experiment without imagination, or imagination with- 
out recourse to experiment, can accomplish little, 
but, for effective progress, a happy blend of these two 
powers is necessary. The unknown appears as a dense 
mist before the eyes of men. In penetrating this 
obscurity we cannot invoke the aid of supermen, but 
must depend on the combined efforts of a number of 
adequately trained ordinary men of scientific imagina- 
tion. Each in his own special field of inquiry is enabled 
by the scientific method to penetrate a short distance, 
and his work reacts upon and influences the whole body 
of other workers. From time to time there arises an 
illuminating conception, based on accumulated know- 
ledge, which lights up a large region and shows the 
connexion between these individual efforts so that a 
general advance follows. The attack begins anew on 
a wider front, and often with improved technical 


weapons. The conception which led to this advance 
often appears simple and obvious when once it has 
been put forward. This is a common experience, and | 


the scientific man often feels a sense of disappointment 


that he himself had not foreseen a development which, 


ultimately seems so clear and inevitable. 

The intellectual interest due to the rapid growth of 
science to-day cannot fail to act as a stimulus to young 
men to join in scientific investigation. In every branch 
of science there are numerous problems of fundamental 
interest and importance which await solution. We 
may confidently predict an accelerated rate of progress 
of scientific discovery, beneficial to mankind certainly 
in a material, but possibly even more so in an intellectual 
sense. In order to obtain the best results, certain 
conditions must, however, be fulfilled. It is necessary 
that our universities and other specific institutions 


should be liberally supported, so as not only to be in 
a position to train adequately young investigators of 
promise, but also to serve themselves as active centres 
of research. At the same time there must be a reason- 


able competence for those who have shown a capacity 


for original investigation. Not least, peace throughout 
the civilised world is as important for rapid scientific 
development as for general commercial prosperity. 
Indeed, science is truly international, and for progress 
in many directions the co-operation of nations is as 
essential as the co-operation of individuals. Science, 
no less than industry, desires a stability not yet achieved 
in world conditions. 

There is an error far too prevalent to-day that science 
progresses by the demolition of former well-established 
theories. Such is very rarely the case. For example, 
it is often stated that Einstein’s general theory of 
relativity has overthrown the work of Newton on 
gravitation. No statement could be further from the 
truth. Their works, in fact, are scarcely comparable, 
for they deal with different fields of thought. So far 
as the work of Einstein is relevant to that of Newton, 
it is simply a generalisation and broadening of its basis ; 
in fact, a typical case of mathematical and physical 


+ development. In general, a great principle is not 


discarded, but so modified that it rests on a broader 
and more stable basis. 

It is clear that the splendid period of scientific 
activity which we have here reviewed owes much of its 
success and intellectual appeal to the labours of those 
great men in the past, who wisely laid the sure founda- 
tions on which the scientific worker builds to-day, or 
to quote from the words inscribed in the dome of the 
National Gallery, ‘“‘ The works of those who have stood 
the test of ages have a claim to that respect and 
veneration to which no modern can pretend.” 


Scientific Problems and Progress. 


SUMMARIES OF ADDRESSES OF PRESIDENTS OF SECTIONS OF THE BRITISH ASSOCIATION. 


THE ORIGIN OF SPECTRA. 


Slee focus of Prof. McLennan’s remarks in his pre- 

sidential address to Section A (Mathematics and 
Physics), to be delivered on September 17, is Bohr’s 
theory of the origin of radiation and of atomic structure. 
Evidence in support of the theory is drawn largely 
from recent researches on the spectra of the elements. 

Among the subjects discussed are the significance 
of the fine structure of the spectral lines of hydrogen 
and the recent attempts to devise a model of the 
helium atom capable of accounting for the character- 
istics of the helium spectrum. 

In dealing with the question of the genesis of atoms 
of various types, illustrations are given of the view 
recently put forward by Bohr that the fundamental 
process that must apply consists in the successive 
binding of electrons by a nucleus originally naked. 
Bohr’s scheme of electronic orbits for the atoms of 
different elements provides a means of establishing a 


? All the presidential addresses are published in full in “‘ The Advance- 
ment of Science ; 1923” (London: John Murray). 


connexion between spectral series formule of different 
types and the energy levels in atoms and, also, of 
deducing the values of resonance and ionisation 
potentials, hitherto undetermined, for a number of 
elements. Special attention is paid to the elements 
of the lead-tin and chromium-manganese groups. 

A number of illustrations are given of the Kossel- 
Sommerfeld Displacement Law, and the importance 
of the recent work of Fowler and of Paschen in this 
connexion is emphasised. Spectroscopic data, recently 
obtained, that are likely to lead to extensions of this 
work are also discussed. 

In dealing with the magnetic properties of certain 
contiguous elements, anomalies are referred to that 
apparently do not find so ready an explanation with 
Bohr’s scheme of electronic orbits for the atoms of 
successive elements as the Kossel-Sommerfeld Dis- 
placement Law. Reference is also made to the prin- 
ciple of quantisation in space recently brought into 
prominence by the interesting experiments of Gerlach 
and Stern and by the work of R. W. Wood and Ellett. 
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This latter, it will be recalled, deals with the power 
possessed by weak magnetic fields of modifying the 
capability shown by the vapours of mercury and sodium 
of polarising radiation scattered by them. 

The adiabatic hypothesis enunciated by Ehrenfest 
is discussed, and also the use of this principle in con- 
junction with the quantum theory in elucidating 
Zeeman effects of the normal type. Reference is made, 
as well, to the interesting and suggestive attempts of 
Heisenberg and Sommerfeld to find in a development 
of the quantum theory an explanation of the anomalous 
Zeeman effect exhibited by certain classes of spectral 
lines. In this application of the quantum theory it 
is assumed that the doublet separations characteristic 
of series such as those of the arc spectra of the alkali 
elements are in reality Zeeman separations produced by 
intra-atomic magnetic fields. In conclusion there are 
illustrations of the magnitude of such intra-atomic 
magnetic fields, and a discussion of some of the diffi- 
culties raised by Heisenberg and Sommerfeld’s theory 
and of some objections in the way of its immediate 
and general acceptance. 


PuysicaAL CHEMISTRY OF SURFACES. 


THE subjects dealt with by Prof. F. G. Donnan, in 
his address to Section B (Chemistry) are principally 
molecular orientation and molecular dimensions at 
surfaces and in surface films, molecular concentration 
at surfaces and its effect on surface tension, electrical 
potential differences at surfaces, stabilities of foams, 
oil suspensions, lyophobic hydrosols, and oil emulsions. 
The surfaces especially considered are the liquid-gas 
and liquid-liquid surfaces. The researches of W. B. 
Hardy have led to the conception of surface layers 
of oriented molecules, as the result of unsymmetrical 
fields of force surrounding molecules, due to the presence 
of active atoms or atomic groups. The views of Hardy 
have been confirmed by the work of W. D. Harkins 
and his collaborators. 

The study of unimolecular surface layers of insoluble 
substances on the surface of water, initiated by the 
late Lord Rayleigh and developed by H. Devaux and 
A. Marcelin, has led in the hands of I. Langmuir and 
N. K. Adam to the determination of molecular and 
atomic dimensions. Certain recent investigations by 
X-ray methods have an interesting bearing on these 
results. 

Unimolecular layers may also be formed by the 
adsorption of vapours on liquid and solid surfaces. 
Dissolved substances which lower the surface tension 
of a gas-liquid or liquid-liquid interface concentrate 
at these interfaces. Do they form unimolecular layers ? 

Electric potential differences exist at the gas-hquid, 
liquid-liquid, and solid-liquid interfaces. These 
potential differences are affected by “ surface-active ”’ 
substances, by ions, colloidal micelles, etc. The 
potential differences determine the stabilities of oil 
suspensions and lyophobic hydrosols. The “ critical” 
potential differences and the “ critical zone ”’ of potential 
difference are of importance in such cases. 

The formation of concentrated surface layers and 
surface films plays an important rdle in the production 
and stabilisation of emulsions. Surface actions are 
of importance in biological phenomena. The existence 


and activity of the living organism are dynamic and 
depend on an environment which is not in equilibrium. 
The living organism is an individual. Further progress 
will depend on the study of the particular actions of 
individuals rather than the average behaviour of 
“ crowds.” 


EVOLUTIONAL PALEONTOLOGY. 


THE presidential address by Dr. Gertrude Elles to 
Section C (Geology) is on the subject of “ Evolutional] 
Paleontology in Relation to the Lower Paleozoic 
Rocks.” The problems of the Lower Palzeozoic Rocks 
still awaiting solution are in the main those of classifica- 
tion and structure, which are largely interdependent. 
The most satisfactory solution appears to lie in the 
application of the principles of evolutional paleontology. 
The most effective modern classification of strata is 
that based upon the coming in of new forms of life, 
but if it is to be of wide application this must not be 
connected directly with changes in the character of 
the sedimentation. 

The variation in the nature of shallow-water faunas 
due to various factors such as temperature, salinity, 
and clearness of the water, is illustrated by reference 
to the recent work at the Danish Biological Station ; 
the classification and correlation of such deposits 
must be a matter of great difficulty unless a common 
principle can be introduced. The standard for pur- 
poses of classification must be sought in the faunas 
of the deeper waters of the Lower Paleozoic seas, 
where the changes in the fauna show primarily as an 
advance in the evolutional stage of the organisms 
concerned. The various shallow-water deposits should 
be referred to those of deeper-water origin when possible, 
or the relative ages may to some extent be determined 
by noting the evolutional stage reached by various 
organisms composing the faunas. 

These principles are illustrated by a study of the 
evolution of the Graptoloidea as the characteristic fauna 
of the deeper-water sediments of the Lower Paleozoic, 
and it is shown that important evolutional stages are 
characteristic of definite geological horizons, these 
being recognisable without any knowledge of the 
various Graptolite species. In the faunas of the 
shallower-waters the evolution of certain features in 
some species-groups of the Trilobita are described and 
the horizons at which these occur are noted. Mention 
is made of the work already published on other fossil 
phyla, and attention is especially directed to that of 
various observers on the evolution of the corals in 
the Carboniferous as the type of work to be aimed at 
in the future in the Lower Paleozoic Rocks. 

The old purely descriptive work so often carried 
out entirely in the museum or laboratory must give 
place to that in which fossils are regarded as parts 
of once-living entities possessing definite ancestors and 
descendants developing along definite lines, the relation- 
ships of these being controlled always by field work. 


ZOOLOGY AND ITs HuMAN ASPECTS. 


Pror. AsHwortH devoted the first part of his 
address to Section D (Zoology), on September 13, to a 
brief retrospective glance over some of the lines of 
development in zoology since the last meeting in 
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Liverpool. He referred to the rapid extension of 
physiological methods of inquiry to the lower organ- 
isms, the discovery of artificial parthenogenesis, the | 
intensive study of egg-cleavage, cell-lineage, and the | 
maturation of the egg and sperm, the remarkable 
progress of cytology, and to researches on the structural 
basis of heredity and on the nuclear mechanism 
correlated with sex. Other subjects discussed were the 
study of the finer structure of the nerve-cell and its 
processes and of the neuromotor system of the Protozoa, 
the investigations on the ciliate Protozoa, especially on 
Paramecium, with the purpose of ascertaining whether 
decline and death depend on inherent factors or on ex- 
ternal conditions, and the researches on the culture of 
tissues, which are leading to a knowledge of the con- 
ditions which determine the growth and differentiation 
of somatic cells. 

In the second part of the address some of the bear- 
ings of zoology on human welfare were considered. 
At the time of the last meeting in Liverpool insects 
were suspected of acting as transmitters of certain 
pathogenic organisms to man, but these cases were 
few and in no single instance had the life-cycle of the 
organism been worked out and the mode of trans- 
mission from insect to man ascertained. The part 
played by the mosquito as host and transmitter of 
the parasite of malaria was made known by Ross 
nearly two years after that meeting. Of the ten 
important examples of arthropods now proved to act 
as carriers of pathogenic organisms to man, Prof. 


Ashworth chose three for consideration, namely, 
Stegomyia and yellow fever, tsetse-flies and sleeping- 
sickness, and the flea Xenopsylla cheopis and plague, 
this last providing a fine illustration of the value of 
careful work on the systematics and on the structure 
and bionomics of the insect concerned. Intensive | 
work on the Protozoa has been an outstanding feature | 
during the last twenty-five years, and Entameba 
histolytica, the organism of amcebic dysentery, was 
taken as an example of the importance of researches 
on Protozoa which directly affect man. Of the notable 
investigations on parasitic worms, reference was made 
to the great advances in our knowledge of the life- 
history and bionomics of Ancylostoma and of Schisto- 
soma (Bilharzia), which have enabled effective measures 
to be taken against infection by these parasites. 

In conclusion, Prof. Ashworth referred to the place 
and value of zoology in the medical curriculum, gave 
an outline of the subjects which he considered should 
be included in the course of zoology for medical 
students, and invited discussion on this part of the 
address. 


THE BRITISH EMPIRE AS A MARITIME STATE. 


Tue subject of Dr. Vaughan Cornish’s presidential 
address to Section E (Geography) is the “ Geo- 
graphical Position of the British Empire.” It may be 
thought that an Empire on which the sun never sets, 
with lands in both hemispheres and on every continent, 
cannot be assigned a place upon the map, and in fact 
so long as it is regarded from the continental poirit of 
view it cannot be given a definite geographical position. 
It is, however, a maritime State, the metropolitan and 
other provinces being united by ocean routes on which 


lie British ports of call which can be used as naval 
stations, but separated strategically by those parts 
of the ocean which are not so provided, and are readily 
dominated from the ports of other Great Powers. An 
examination of these conditions shows that, taking 
account only of the communications which are avail- 
able in all circumstances, the lands of the British 
Empire are connected by the Atlantic and Indian, 
separated by the North Pacific Ocean. Hence the 
geographical position of the Empire is well represented 
by the form of Mercator map in which the meridian 
of Greenwich is central and the right- and left-hand 
edges are at longitude 180°. The Empire thus 
appears astride the North Atlantic and the Indian 
Ocean, but with its Pacific shores unconnected. 

A symmetrical arrangement is revealed upon this 
map if a direct line (part of a great circle) be drawn 
from Halifax, Nova Scotia, the eastern terminal of the 
Canadian Pacific Railway, to Fremantle, the western 
terminal port of the Australian railways. This direct 
line (twisted on the map into the form of the letter S) 
passes through Lower Egypt close to the Suez Canal, 
which is not very far from its middle point. It follows 
somewhat closely the main steamship track of the 
Empire. At one end is Canada, at the other Australasia, 
the British Isles on the north and South Africa on the 
south. The coloured populations of the Empire are 
also distributed symmetrically with reference to the 
line, those of India on the east, of Africa on the west, 
so that the great circle from Halifax, N.S., eastwards 
to Fremantle is the geometrical axis of the Empire. 

The Empire as thus mapped can be shown to have 
an intermediate position on the present commercial 
and international communications of the world such 


as no other Great Power occupies, so that the British, 


in a greater degree than any other people, are the 
doorkeepers of the world. 

The consolidation of the position turns on the future 
of colonisation during the time which remains before 
the untilled lands of the world are occupied by peasantry. 
In the second part of the address the present tendency 
of this movement is traced both among coloured and 
white peoples, and special attention is given to the 
question, now so much debated, whether a surplus of 
birth-rate over death-rate in Great Britain is, or is 
not, in the interests of the country, of the peoples of 
the Empire, and of mankind. 


POPULATION AND UNEMPLOYMENT. 


THE common impression that Europe is already 
threatened with over-population may be _ traced 
to two sources—to observation of the exceptional 
volume of unemployment to-day, and to the words of 
certain economists describing Europe before the War. 
Sir William Beveridge deals with these subjects in his 
presidential address to be givento Section F (Economics) 
on Monday, September 17. Unemployment does not 
necessarily or naturally point to excessive growth of 
population ; severe and prolonged unemployment has 
occurred at times and in countries which were certainly 
not marked by over-population. Statements such as 
those of Mr. Keynes, that Europe was over-populated 
even before the War, appear ill-founded ; in Europe, 
no less than in the New World, the yield of corn 
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per acre and per head of the population was rising, 
not falling; the price of corn relatively to other 
commodities was falling, not rising, up to the eve of 
War. There is still room for the expansion of the white 
races. In Britain, as distinct from Europe as a whole, 
the rate of material progress which marked the Victorian 
age was not maintained from 1goo to 1910; this 
apparent check, however, may have been temporary 
and due to special causes. 

In considering the position of Britain after the War, 
the example of German Austria, a highly specialised 
and advanced community depending on free trade over 
a large and varied area, is apposite. The optimum 
density of population in any given region depends, not 
on that region alone, but also on the economic condi- 
tions and needs of the rest of the world. A decline of 
international dealing hurts all, but most of all the 
highly specialised communities typified by German 
Austria and Britain. The suggestion that we should 
avoid the “ Austrian risk ” in future by aiming at self- 
sufficiency is not practical. Britain, as we know it, 
and with anything like its present population, depends 
upon peace and trade. Its excessive unemployment 
to-day can be fully explained by the War and its after- 
math of economic disorganisation, and the remedy 
must be sought elsewhere than in birth control. 

Though, however, increased birth control is not re- 
quired by the conditions of Europe before the War and 
is irrelevant to its present troubles, the problem of 
numbers has to be faced. Man cannot with safety 
indefinitely reduce the death-rate and leave the birth- 
rate to look after itself; as a matter of history, he has 
at almost all stages of his development limited the 
number of his descendants. The problem of popula- 
tion is, at the moment, a matter for suspension of judg- 
ment and inquiry. Two inquiries in particular are 
suggested: one, into the potential agricultural re- 
sources of the world, analogous to the inquiries made 
at various times as to coal; the other, into the physical, 
psychological, and social effects of the restriction of 
fertility which has become general among European 
races in the past fifty years. 


TRANSPORT AND ITS DEBT TO SCIENCE. 


Str Henry Fow.er’s address to Section G 
(Engineering) deals with the subject of transport and 
its indebtedness to science. Since its foundation the 
city of Liverpool has been associated with transport, 
and no town owes so much to the facilities to trade 
which transport has afforded, or has played so fre- 
quently the part of a pioneer in the inception of new 
methods. The Mersey and Trent Canal, the Manchester 
Ship Canal, the Rainhill Railway trials, the electrifica- 
tion of the Liverpool and Southport railway, and the 
Commercial Motor Trials of the Liverpool Self-Pro- 
pelled Traffic Association testify to this. 

All advances in methods of transport have been the 
result of the availability of scientific knowledge. Since 
the time of Watt these advances have taken place 
when the “ ordered knowledge of natural phenomena ” 
has allowed. Progress has depended upon this know- 
ledge ; locomotive design benefited by the experi- 
ments of Schmidt ; electric traction by the numberless 
researches into electrical phenomena, and the develop- 


ment of the turbine by Parsons: the work of the 
latter gave a fresh impulse to marine transport. The 
motor car and the aeroplane owe much to the Otto 
cycle and the work of Daimler on internal combustion 
engines. The above are the results of work on methods 
of propulsion. The advance in our knowledge of 
material has also played its part. Until the invention 
of Bessemer the material requisite was not available 
in quantities sufficient to allow of much progress being 
made. The early work of Hadfield on alloy steels has 
developed in such a manner that the motor car and 
the aeroplane are possible as we have them to-day. 
It is not alone in general and large questions that 
scientific knowledge has helped transport, but it can 
be shown that a careful investigation of the properties 
of the steel from which locomotive crank axles are 
made has led to a large increase in their life. 

One great trouble with scientific development on 
industrial lines is the difficulty of obtaining correct 
results from practical application. The transport 
bodies have no axe to grind in the use of any particular 
thing, and should show their appreciation of their 
indebtedness to science by freely giving the results 
of their work. 

Another trouble which still exists is that the persona! 
contact of the scientific man and the practical engineer 
does not occur frequently enough, and the meetings 
of the Association should be more freely used for this 
purpose. 


EGypt AS A FIELD FOR ANTHROPOLOGICAL RESEARCH. 


As the habits, modes of life, and occupations of all 
communities are immediately dependent upon the 
features and products of the land in which they dwell, 
any inquiry into Egyptian origins ought to begin with 
the question, What were the physical conditions which 
prevailed in Egypt and its bordering deserts in the 
period immediately preceding, and during the rise of, 
the Egyptian civilisation ? Discussing what is actually 
known about the fauna and flora of the dynastic and 
predynastic periods, Prof. Newberry, in his presidentia! 
address to be delivered to Section H (Anthropology) 
on September 17, shows that a material change must 
have taken place in the character of the climate oi 
North-Eastern Africa since pre-agricultural days. The 
fauna and flora have receded southwards, and the 
physical conditions which now prevail in the region 
north of the Atbara are similar to those which prevailed 
in the deserts on either side of the Lower Nile Valley 
in early times. The people living in this part of the 
Anglo-Egyptian Sudan are Hamite, and, as Prof. 
Seligman has shown, the least modified of these peopl 
are physically identical with the predynastic Egyptians 
of Upper Egypt. Prof. Newberry suggests that they, 
like the fauna and flora, have receded southwards under 
the pressure of the advance of civilisation, and that 
the physical conditions of the country have preserved 
them to a great extent in their primitive life anc 
pursuits. The picture of life in the Taka country as 
drawn by Burckhardt in 1813 would, except in some 
unimportant details, equally well depict the pre- 
dynastic Egyptians. 

Prof. Newberry proceeds to show that the earliest 
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civilisation in Egypt arose in the Delta, and that it 
spread up the river. Before Menes conquered the 
north there had been a kingdom of Middle and Upper 
Egypt, and before that a kingdom with its capital at 
Sais in the North-Western Delta. The people of the 
North-Western Delta were closely connected with the 
early Cretans, and were of the same race as the pre- 
dynastic people of Upper Egypt. 
Delta at an early period lived a pastoral clan that 
had come in from Western Asia and brought into 
Egypt the domesticated goat and sheep, as well as two 
important cults connected with trees that were not 
indigenous to the soil of Egypt. The absence of timber 
trees makes it doubtful whether the art of the carpenter 
arose in the Nile Valley. Architectural styles founded 
on wood construction cannot well have originated in 
a timberless country, nor could the art of building 
sailing or sea-going ships. It may be doubted that the 
custom of burying the dead in wooden coffins arose in 
Egypt; the resins used in embalming were not native 
to the Nile Valley. No incense trees or shrubs are 
known in Egypt, hence it is probable that the cere- 
monial use of incense did not arise there. Such are 
some of the anthropological questions raised by a 
study of the flora of the Lower Nile Valley. 


SYMBIOSIS IN ANIMALS AND PLANTS. 


Pror. GeorGE H. F. Nutra.v’s address to Section I 
(Physiology) dealt with (1) Symbiosis in plants: 
lichens; root-nodules of leguminous plants; the 
significance of micorhiza in various plants, especially 
orchids ; and (2) Symbiosis in animals: Algze as 
symbionts in various animals ; symbiosis in insects ; 
micro-organisms in relation to luminescence in animals. 
The subject is one of broad biological interest, an 
interest that should appeal equally to the physiologist, 
pathologist, and parasitologist. It is a subject on 
which much work has been done of recent years, and 
information relating thereto lies scattered in the 
scientific literature of different countries. 

The term symbiosis denotes a condition of conjoint 
life existing between different organisms that are 
benefited to a varying degree by the partnership. 
The condition of life defined as symbiosis may be 
regarded as balancing between two extremes, complete 
immunity and deadly infective disease. Symbiosis 
has doubtless originated from parasitism. One condi- 
tion merges into the other, there being no line of 
demarcation to separate them. Some organisms sup- 
posed to be symbionts to-day may prove to be parasites 
on further investigation. Certain structures that have 
been described in the past as normal intracellular bodies 
in animals and plants have in a number of cases been 
shown to be micro-organisms which can be cultivated or 
symbionts that are transmissible hereditarily from host 
to host. The address constitutes a summary of what 
is known to-day of symbiosis in the animal and vege- 
table kingdoms. Apart from its scientific interest, 
the economic importance of studies on symbiosis is 
exemplified by what has been established, on the 
botanical side, with regard to the root-nodules of 
leguminous plants, the germination of orchids, and the 
origin of tubers. 
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MENTAL DIFFERENCES BETWEEN INDIVIDUALS. 


Tue address by Dr. Cyril Burt, president of Section 
J (Psychology), deals with the mental differences be- 
tween individuals, with special reference to applied 
psychology in education and industry. The most 
remarkable advances made by psychology during 


threatens to become a new and separate branch of 
science ; namely, the study of individual differences 
in mind. The numerous data collected from various 
fields of applied psychology—from the psychology of 
education, industry, and war, of mental disorder, 
deficiency, and crime-—are now sufficiently extensive 
and trustworthy to deserve co-ordination into a single 
systematic body of knowledge. 

Early pseudo-scientific attempts to diagnose mental 
characteristics from physical and other signs were 
misled by an inadequate technique. The true pro- 
cedure was supplied by Sir Francis Galton, who applied 
to the general problem two special methods of inquiry— 
the statistical method of correlation, and the experi- 
mental method of psychological tests. These in turn 
rest upon a fundamental assumption, which recent 
work has verified—the continuity of mental variation. 
This is the keystone of individual psychology as a 
science. The differences between one man and another 
are always a matter of “ more or less,” seldom, if ever, 
a question of presence or absence or of “ all or none.” 
There are no such things as mental types; there are 
only mental tendencies. 

The general scheme under which individuals are to 
be studied is much the same, whether they are normal 
or supernormal, backward, defective, or delinquent, 
or ordinary applicants for vocational guidance. 

The positive foundations for a practical psychology 
of individual differences have been laid in three broad 
generalisations, each the separate suggestion of recent 
experimental work. These consist in a trio of important 
distinctions : the distinction between intellectual and 
emotional characteristics, between inborn and acquired 
mental tendencies, and between general and special 
capacities. The future progress of individual psycho- 
logy will consist chiefly in devising more exact methods 
for examining mental qualities under each of these 
respective heads. 


ASPECTS OF THE STUDY OF BOTANY. 


Mr. A. G. TANSLEY’s presidential address to Section 
K (Botany) deals with some aspects of the development 
of pure botany during the last thirty or forty years, 
especially in the British Isles. By means of quotations 
from representative botanists of the last decade of last 
century, the views held at that time on the relation of 
morphology and physiology—that they were two 
independent “disciplines” or branches of botany— 
are illustrated. It is pointed out that little progress 
has been made towards realising the idea of determining 
the “ genealogical tree” of the plant kingdom, and 
this not so much from the fact that our knowledge is 
still incomplete, as because, in the recent words of a 
great authority, it has become evident that the past 
development of the plant kingdom is represented by 
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“a series of separate lines, some stretching into a 
remote past, others of more recent origin,” and “it 
would almost seem that ‘ missing links’ have never 
existed.” The increasing doubt as to whether many 
organs formerly regarded as homologous are really 
homologous in the strict sense is mentioned, and 
it is suggested that our increasing, though still rudi- 
mentary, knowledge of the factors that determine 
organic form will lead us to expect a recurrence of the 
same formative factors, producing similar structures, 
on different lines of descent, independently of parti- 
cular life conditions. 

The so-called “ Neo-Darwinian”’ account of evolu- 
tion is then stated, and its weak points indicated ; 
and a description of the changes brought about by 
the work of Mendel and his followers, of De Vries and 
of Johannsen, leads to an attempt to form a picture 
of the origin of species in the light of present knowledge. 
It is shown that the problems of phylogenesis and 
ontogenesis are necessarily interlinked, and it is 
suggested that in the causal study of development of 
the individual lies the best hope of determining 
eventually the real nature of the “ genes” which 
geneticists must postulate to account for the observed 
phenomena of inheritance. 

Emphasis is laid on the view that the central and 
vital part of biology is, and must be, the study of 
process, and it is suggested that only by stressing this 
point of view, especially in elementary teaching, will 
it be possible to retain the power of looking at the 
science of plants as a whole and thus of checking the 
disruptive tendencies which have led to the segrega- 
tion of different branches of the subject. 


THE EDUCATION OF THE PEOPLE. 


Pror. T. P. Nunn, in his address to Section L 
(Educational Science), pointed out that the aim of 
popular education is to train the young to conserve and 
develop those elements in the tradition of national life 
and activity which are consciously judged or instinct- 
ively felt to be of most worth. Its content will, there- 
fore, always express the distinctive ethos of a nation, 
and, in particular, will reflect the prevalent view as to 
the proper relation between the individual and the 
social body. Assuming that in Great Britain we are 
committed to the ideal of equal citizenship for all, the 
ultimate aim of our schools must be to brig all children 
effectively under the influence of those currents in our 
cultural tradition which have the greatest and most 
enduring value. Consideration shows that these must 
include, in addition to our typical traditions of char- 
acter and manners, the traditions of creative activity 
represented in literature, science, and the fundamental 
arts and crafts. The aim thus indicated cannot be 
achieved so long as education ends for most boys and 
girls at fourteen ; but it does not necessarily imply a 
“‘erammar school curriculum” for all. A technical 
training, provided that it embodies some dignified 
tradition of intellectual, aesthetic, or practical activity, 
satisfies the criterion laid down. It is, however, 
essential that all education should be liberal in outlook 
and scope. 


SCIENCE AND THE AGRICULTURAL CRISIS. 


THE main purpose of the presidentialaddress delivered 
by Dr. Charles Crowther to Section M (Agriculture) 
is to indicate some of the directions in which immediate 
help towards the alleviation of the agricultural crisis 
can be given by the man of science, and some of th« 
lines along which development of our scientific and 
educational organisation is more especially necessary 
at this juncture. 

The most fundamental of all kinds of assistance that 
science can give the farmer is that furnished by way 
of research, but this must of necessity be slow in 
development, and dependent for the dissemination oi 
its results throughout the industry upon an extensive 
and efficient advisory organisation in close touch with 
the farmer. 

Similarly also any raising of the standard of farming 
through formal education can only be effected gradually, 
and the conclusion is reached, therefore, that the most 
hopeful way of rendering assistance quickly is through 
advisory work. The root difficulty of agricultural 
educational work in the past has been to secure a 
sufficiently intimate and widespread contact with the 
farmer, and for this purpose no agency at our command 
is so valuable as advisory work, involving as it does 
a contact with the individual farmer which is both 
direct and sympathetic, originating indeed in most 
cases out of a direct request for help. 

Rapid progress through advisory work postulates, 
however, a far more numerous staff of advisers than 
are available at present, some counties being indeed 
totally unprovided for, while in many others th 
advisory staff consists of only one man in the person 
of the County Agricultural Organiser. It is here where 
the next extension of facilities should take place. In 
relation to the organisation operating in direct contact 
with the farmer, research and organised education ar 
for the time being adequately developed—the latter 
indeed producing now a considerable surplus of trainc« 
men for whom employment in educational work is not 
available. This in itself implies a certain loss of pro 
portion in the development of the whole agricultural! 
educational organisation, and is to be remedied by th« 
extension of the base upon which the whole structure 
rests, which is constituted of advice, elementary 
agricultural education, and propaganda. At the same 
time a closer degree of co-ordination and co-operation 
between the various elements of the educational 
organisation is desirable. 

In conclusion, although advisory work may be ou: 
most effective means of rendering immediate help, 
more permanent contribution to the future prosperity 
of British agriculture will be made through our educa- 
tional system in the training of the farmers of thi 
future. As yet we have not succeeded in persuadin; 
the general body of farmers that technical educatio: 
is an essential element in the training of the youn; 
farmer. The natural development of such a convictio! 
must perhaps be slow, but might be greatly accelerate: 
if more importance were attached to scientific trainin 
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as well as practical experience in the letting of farms. 
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Recent Scientific and Technical Books. 
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Deite, C., und Kellner, Josef. Das Glyzerin: Gewin- 
nung, Veredelung, Untersuchung und Verwendung, sowie 
die Glyzerin-Ersatzmittel. Pp. viii+449. (Berlin: J. 
Springer, 1923.) Grundzahl: 14 marks. 

Department of Scientific and Industrial Research : 
Fuel Research Board. Technical Paper No. 7: Pre- 
liminary Experiments in the Low-Temperature Carbonisa- 
tion of Coal in Vertical Retorts. Roy. 8vo. Pp. ii +27. 
(London: H.M. Stationery Office, 1923.) od. net.* 

Dunnicliff, H. B. Practical Chemistry for High 
Schools. Cr. 8vo. Pp. xii+279. (London: Macmillan 
and Co., Ltd., 1923.) 5s.* 

Ehrenthal, B. Possanner von. Lehrbuch der che- 
mischen Technologie des Papieres. Pp. 254. (Leipzig: 
Akademische Verlagsgesellschaft m.b.H., 1923.) 

Findlay, Alexander. Practical Physical Chemistry. 
Fourth edition, revised and enlarged. Demy 8vo. Pp. 
xvi+298. (London: Longmans, Green and Co., 1923.) 
7s. 6d. net.* 

Fritsch, J. Fabrication du vinaigre, d’aprés les 
procédés les plus récents. Roy. 8vo. Pp. 331. (Paris: 
A. Legrand, 1923.) 25 francs. 

Gerlach, Walther. Atomabbau und Atombau: dic 
physikalische Analyse des Atoms. Pp. 52. (Jena: G. 
Fischer, 1923.) Grundzahl: 2 marks. 

Groh, Julius. Kurzes Lehrbuch der allgemeinen 
Chemie. Ins Deutsche iibersetzt von Paul Hari. 8vo 
Pp. viii+278. (Berlin: J. Springer, 1923.) Grundzah! 
8 marks. 

Handovsky, Hans. Grundbegriffe der Kolloidchemi 
und ihre Anwendung in Biologie und Medizin: Einfiihrend: 
Vorlesungen fiir Biologen und Mediziner. 8vo. Pp. vi 
+65. (Berlin: J. Springer, 1923.) Grundzahl: 2.2 marks. 

Heffter, A., Herausgegeben von. Handbuch de: 
experimentellen Pharmakologie. 8vo. Band 1. Pp. 1296 
(Berlin : J. Springer, 1923.) 

Institute of Chemistry of Great Britain and 
Ireland. Chemistry as a Career: a Synopsis of Lectures 
given by the Registrar before College Chemical Societies 
during 1921-1923. Demy 8vo. Pp. 26. (London: The 
Institute of Chemistry, 1923.)* 

Javet, Emile. Chimie. Pott 8vo. Pp. xcix +420. 
(Paris: Libr. Dunod, 1923.) 9 francs. 

Kehrmann,F. Gesammelte Abhandlungen. Band 2. 
Abt. 1: Untersuchungen iiber Hydrochinone und Chinone 
Abt. 2: Untersuchungen iiber Azine und Azonium 
verbindungen. Pp. 439. (Leipzig: G. Thieme, 1923.) 8: 

Kisch, Bruno. Fachausdriicke der physikalische: 
Chemie: ein Worterbuch. Zweite, vermehrte und vei 
besserte Auflage. Pp. iv+r1oo. (Berlin: J. Springe: 
1923.) Grundzah]: 4 marks. 

Kling, André. Méthodes actuelles d’expertises em 
ployées au laboratoire municipal de Paris. Roy. 8vo 
Tome 3: Boissons et dérivés immédiats. Pp. 292 
(Paris: Libr. Dunod, 1923.) 26 francs. 

Laqueur, Ernst. Die neueren chemotherapeutische 
Praparate aus der Chininreihe (Optochin, im besondere: 
Eukupin und Vuzin) und aus der Akridinreihe (Trypa 
flavin, Rivanol) : eine kritische Besprechung des bisherigei 
Erfolges und der Grundlagen der Therapie. Pp. ii +92 
(Berlin: J. Springer, 1923.) Grundzahl: 3 marks. 

Lunge- Berl. Chemisch-technische Untersuchungs 
methoden. Herausgegeben von Ernst Berl. Siebente 
vollstandig umgearbeitete und vermehrte Auflage. Band 3 
(Berlin: J. Springer, 1923.) Grundzahl: 42 marks. 
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Mayrhofer, Ad. 


Gifte. Pp. 284. (Berlin und Wien: Urban und Schwar- 
zenberg, 1923.) Grundzahl: 12 marks. 

Meyer, Lothar. Grundziige der theoretischen Chemie : 
fiir Studierende der Chemie und der Naturwissenschaften. 
Fiinfte Auflage, neu bearbeitet von E. Rimbach. Pp. 
xiii +372. (Bonn: F. Cohen, 1923.) 

Passagez, Albert. Traité élémentaire de chimie. 
8vo. Pp. 270. (Bruxelles: A. de Boeck, 1923.) 

Sabalitschka, Th. Anleitung zum chemischen Nach- 
weis der Gifte fiir Pharmazeuten, Chemiker und Mediziner. 
Pp. 123. (Berlin und Wien: Urban und Schwarzenberg, 
1923.) 

Singer, Felix, Herausgegeben von. Die Keramik im 
Dienste von Industrie und Volkswirtschaft. Pp. 1044. 
(Braunschweig: F. Vieweg und Sohn, 1923.) 

Treadwell, F. P., und Meyer, Viktor. Tabellen zur 
qualitativen Analyse. Elfte und zwélfte unveranderte 
Auflage, herausgegeben von W. D. Treadwell. (Leipzig 
und Wien: F. Deuticke, 1923.) Grundzahl: 4 marks. 

Wright, A. Industrial Filtration. (The Modern 
Library of Chemical Engineering, Vol. 1.) Pp. 336. 
(New York: The Chemical Catalog Co., Inc., 1923.) 
5 dollars. 


Technology 


Appell, Pierre. Les Economies de combustibles : 
Conduite rationnelle des foyers. 8vo. Pp. xiv +342. 
(Paris: Masson et Cie; Gauthier-Villars et Cie, 1923.) 
17 francs. 

Barrett, Edwin G. Principles and Processes of Metal 
Plate Work. Cr. 8vo. Pp.131. (London: C. Lockwood 
and Son, 1923.) 3s. 6d. net. 

Bell, H. S. American Petroleum Refining. Med. 
8vo. Pp. xiv+456. (London, Bombay and Sydney: 
Constable and Co., Ltd., 1923.) 245.* 

Besson, F. S. City Pavements. Med. 8vo. Pp. 
xi+421. (London: McGraw-Hill Publishing Co., Ltd., 
1923.) 25s.* 

British Acetylene and Welding Association, Pre- 
pared by a Committee of the. The British Acetylene and 
Welding Handbook. Demy 8vo. Pp. 384. (London: 
The Acetylene and Welding Journal, 30 Red Lion Square, 
1923.) 7s. 6d. net.* ; 

Darmois, E. L’Eclairage (solutions modernes des 
problémes d’éclairage industriel). 8vo. Pp. 280. (Paris: 
Gauthier-Villars et Cie; Masson et Cie, 1923.) 15 
francs. 

Department of Scientific and Industrial Research : 
Building Research Board. Special Report No. 7: Heat 
Transmission through Walls, Concretes and Pilasters ; 
Experiments carried out at the National Physical Labora- 
tory by Ezer Griffiths. Roy. 8vo. Pp. iii+33. (London: 
H.M. Stationery Office, 1923.) 1s. 6d. net.* 

Ehrsam, R. La Fabrication des savons industriels : 
Emulsions pour l’ensimage et huiles solubles. 2¢ édition. 
Roy. 8vo. Pp. 304. (Paris: Libr. Dunod, 1923.) 

Fourquet, J. Le Dessin pour l’apprenti menuisier 
(le livre de la profession). Fcap. 4to. Pp. 604-26 
planches. (Paris: L. Eyrolles, 1923.) 

Grimshaw, Robert. Shop Kinks. Sixth edition. 
Cr. 8vo. Pp. 417. (London: Constable and Co., Ltd., 
1923.) 18s. net. 

Guillet, Léon. Les Méthodes d’étude des alliages 
métalliques. Roy. 8vo. Pp. xv+503+28 planches. 
(Paris: Libr. Dunod, 1923.) 65 francs. 

Ray, Georges. Manuel des vins, cidres, poirés, eaux 
gazeuses. (Bibliothéque professionnelle.) Pott8vo. Pp. 
406. (Paris: J.-B. Bailliére et fils, 1923.) 

Redwood, Sir Boverton, and Eastlake, Arthur. 
Petroleum Technologist’s Pocket Book. Revised by 
Arthur W. Eastlake. Second edition. Cr. 16mo. Pp. 
xxiv +546+8 maps. (London: C. Griffin and Co., Ltd., 
1923.) 15s. net.* 

Tobler, Friedrich, Herausgegeben von. Biicherei der 
Faserforschung. 8vo. Band 1: Grundlagen der Réste: 


eine wissenschaftliche und technische Einfiihrung fiir 
Bakteriologen, Landwirte, Réster, Spinner und Fach- 
(Leipzig : 


schiiler. Von G. Ruschmann. 
S. Hirzel, 1923.) 


Pp. x+188. 


Mikrochemie der Arzneimittel und | 


Wilson, D. Miller. The “ Player-Piano’’: its Con- 
struction, How to Play, What to Play, and How to 
Preserve it and make Adjustments when Necessary. (Pit- 
man’s Common Commodities and Industries Series.) Cr. 
8vo. Pp. xi+104. (London: Sir I. Pitman and Sons, 
Ltd., 1923.) 3s. net. 


Astronomy 


Barlow, C. W. C., and Bryan, G. H. 
Mathematical Astronomy. 


Elementary 
(Eighth impression), Third 
edition. Cr. 8vo. Pp. xvi+445. (London: University 
Tutorial Press, Ltd., 1923.) 9s. 6d.* 

Berget, A. Le Ciel. 4to. Pp. 312+24 planches. 
(Paris: Libr. Larousse, 1923.) 50 francs, 

Bureau des Longitudes, Publié par. Connaissance 
des temps ou des mouvements célestes 4 l’usage des 
astronomes et des navigateurs pour l’an 1925. Roy. 8vo. 
Pp. xxx+698. (Paris: Gauthier-Villars et Cie, 1923.) 
16 francs. 

Gregory, Sir Richard. The Vault of,Heaven: an 
Introduction to Modern Astronomy. Second edition, re- 
written. Cr. 8vo. Pp. vii+202. (London: Methuen 
and Co., Ltd., 1923.) 6s. net.* 

Phillips, T. E. R., Edited by. 
of the Heavens: a Popular Authoritative Astronomy. 
Demy 4to. Part 7. Pp. 249-288. Part 8. Pp. 289-328. 
(London: Hutchinson and Co., 1923.) Is. 3d. net each 
part.* 


Hutchinson’s Splendour 


Meteorology : Geophysics 


Air Ministry : Meteorological Office. Advisory Com- 
mittee on Atmospheric Pollution. Report om Observations 
in the Year ending March 31st, 1922: forming the 
Eighth Report of the Committee for the Investigation of 
Atmospheric Pollution. (M.O. 256.) Demy 4to. 
(London: H.M. Stationery Office, 1923.) 3s. net.* 

Air Ministry: Meteorological Office. Geophysical 
Memoirs, No. 20: Variations in the Levels of the Central 
African Lakes Victoria and Albert. By C. E. P. Brooks. 
(M.O. 220j.) Roy. 4to. Pp. 337-344. Is. 6d. net. 
Geophysical Memoirs, No. 21: Pyrheliometer Comparisons 
at Kew Observatory, Richmond, and their Bearing on 
Data published in the Geophysical Journal. Roy. 4to. 
Pp.17. 2s.net. (London: H.M. Stationery Office, 1923.) * 

Braak, C. Het Klimaat van Nederlandsch-Indié (The 
Climate of the Netherlands Indies). Imp. 8vo. Deel 1 
(Vol. 1): Algemeene Hoofdstukken (General Chapters). 
Aflevering 3 (Part 3). (With English Summaries.) Pp. 
iv +149-221+5i-89. (Batavia: Javasche Boekhandel 
en Drukkerij, 1923.)* 


Corps, Lt.-Col. La Simultanéité générale et le temps 


universel. Gl. 4to. Pp. 20. (Paris: Gauthier-Villars 
et Cie, 1923.) 2.50 francs.* 
Royal Meteorological Society. Bibliography of 


Meteorological Literature. Prepared by the Royal 
Meteorological Society with the Collaboration of the 
Meteorological Office. Roy. 8vo. No. 4. Pp. 75-94. 
(London :_ Royal Meteorological Society, 1923.) 2s. 6d.* 


Geology: Mineralogy 


Australasian Antarctic Expedition, 1911-14. Scien- 
tific Reports: Series A. Roy. 4to. Vol. 3: Geology. 
Part 2: The Metamorphic Limestones of Commonwealth 
Bay, Adelie Land. By C. E. Tilley. Pp. 231-244+ 
2 plates. Vol. 4: Geology. Part 1: The Adelie Land 
Meteorite. By P. G. W. Bayly and F. L. Stillwell. Pp. 
13+2plates. (Sydney: Alfred J. Kent, 1923.) 1s.6d. each.* 

Depéret, Ch., Mayet, L., et Roman, F. Les 
Eléphants pliocénes. (Annales de l'Université de Lyon, 
nouvelle série. 1: Sciences, Médecine, fasc. 42.) Roy. 
8vo. Pp. 224+11 planches. (Lyon: A. Rey; Paris: 
J.-B. Bailliére et fils, 1923.) 20 francs. 

Fischer, Hanns. Ratsel der Tiefe : die Entschleierung 
der Kohle, des Erdéls und des Salzes. Pp. 164. (Leipzig: 
R. Voigtlander, 1923.) 

Geological Survey of Tanganyika Territory. Final 
Report with Guide Map to Specimens. Fcap. folio. Pp. 
41. (London: The Crown Agents for the Colonies, 1922.)* 
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Geological Survey: England and Wales, Memoirs 
of the. Explanation of Sheet 313: The Geology of the 
Country South and West of Shaftesbury. By H. J. 
Osborne White. Roy. 8vo. Pp. iv+112+4 plates. 
(Southampton: Ordnance Survey Office; London: 
E. Stanford, Ltd., 1923.) 3s. 6d. net.* 

Imperial Mineral Resources Bureau. The Mineral 
Industry of the British Empire and Foreign Countries. 
Statistics, 1919-21. Tin. Pp. iv+44. (London: H.M. 
Stationery Office, 1923.) 1s. 6d. 

Klahn, Hans. Paldiontologische Methoden und ihre 
Anwendung auf die palaobiologischen Verhaltnisse des 
Steinheimer Beckens. Roy. 8vo. Pp. v+127. (Berlin: 
Gebriider Borntraeger, 1923.) 4s. 8d.* 

Linck, Gottlob. Grundriss der Kristallographie : fiir 
Studierende und zum Selbstunterricht. Fiinfte, verbes- 
serte Auflage. (Jena: G. Fischer, 1923.) Grundzahl : 
8 marks. 

Schoenflies, Artur. Theorie der Kristallstruktur: 
ein Lehrbuch. Med. 8vo. Pp. xii+555. (Berlin: Ge- 
briider Borntraeger, 1923.) 18s.* 

Sieberg, August. Geologische, physikalische und 
angewandte Erdbebenkunde. (Jena: G. Fischer, 1923.) 
Grundzahl : 18 marks. 


Geography: Travel 


Babinger, F. Hans Dernschwam’s Tagebuch einer 
Reise nach Konstantinopel und Kleinasien, 1553-55. 
Nach der Urschrift im Fugger-Archiv. 8vo. Pp. xxxvi 
+314. (Leipzig: Duncker und Humblot, 1923.) 

Bacon’s Popular Atlas of the World: with Index. 
Cr. folio. Pp. 31. (London: G. W. Bacon and Co., Ltd., 
1923.) 7s. 6d. net. 

Baring-Gould, Sabine. A Book of Cornwall. Fourth 
edition. Cr. 8vo. Pp. 349. (London: Methuen and 
Co., Ltd., 1923.) 7s. 6d. net. 

Bartholomew, John, Edited by. MHarrap’s New 
World Atlas in Contouring Colouring : for Junior Classes. 
Cr. 4to. Pp. 32+12. (London and Sydney: G. G. 
Harrap and Co., Ltd., 1923.) _1s.* 

Barton, W. J., and Bunting, W.L. The Preparatory 
Geography. Roy. 8vo. Exercise books. Term 1. Pp. 24. 
8d. net. Term 2. “Pp. 24. 8d. net. Term 3. Pp. 26. 
8d. net. Terms 4-5 (together). Pp. 38. tod. net. Terms 
6-7 (together). Pp. 40. 10d. net. Terms 8-9 (together). 
Pp. 34. tod.net. (London: Oxford University Press, 1923.) 

Bergmann, Henri. L’Italie. (Les Etats contem- 
porains.) 8vo. Pp. 184. (Paris: F. Rieder et Cie, 1923.) 

Bridge, R. S. The Geography of Commerce and 
Industry. (New Teaching Series.) Cr. 8vo. Pp. viii + 264. 
(London: Hodder and Stoughton, Ltd., 1923.) 4s. 6d. net. 

Collins, Dale. Sea Tracks of the Speejacks round the 
World. Med. 8vo. Pp. x+286. (London: W. Heine- 
mann, Ltd., 1923.) 21s. net. 

Detzner, H. Im Lande des Dju-Dju. Pp. 388. 
(Berlin : A. Scherl, 1923.) 

Donaldson, M. E. M. Wanderings in the Western 
Highlands and Islands: recounting Highland and Clan 
History, Traditions, Ecclesiology, Archeology, Romance, 
Literature, Humour, Folk-Lore. Second edition, revised. 
Med. 8vo. Pp. 513. (Paisley: A. Gardner, 1923.) 15s. net. 

Dutt, W. A. A Guide to the Norfolk Broads. Being 
Part 1 of ‘‘ Norfolk Broads.”’ With a chapter by Arthur 
Patterson. Demy 8vo. Pp. 218. (London: Methuen 
and Co., Ltd., 1923.) 6s. net. 

Evans, Capt. Edward R. G. R. South with Scott. 
Cr. 8vo. Pp. xiv+284. (London and Glasgow: W. 
Collins Sons and Co., Ltd., 1923.) 2s. 6d. net. 

Fea, Allan. Where Traditions Linger: Rambles 
through Remote England. Demy 8vo. Pp. 315. (Lon- 
don: Eveleigh Nash and Grayson, Ltd., 1923.) 12s. 6d. net. 

Fraser, Sir Hugh. Amid the High Hills: a Record 
of Sport and Natural History in Scotland. Sq. Demy 8vo. 
Pp. 239+32 plates. (London: A. and C. Black, Ltd., 
1923.) 18s. net. 

Frobenius, L. Das unbekannte Afrika. 4to. Pp. 
xii+185. (Miinchen: C. H. Beck, 1923.) 125,000 marks. 

Giles, H. A., Re-translated by. The Travels of Fa- 
hsien (399-414 A.D.), or Record of the Buddhistic King- 
doms. Fcap. 8vo. Pp. xvi+96. (Cambridge: At the 
University Press, 1923.) 5s. net.* 


Hahnstein, C.v. Im wilden Afghanistan. 8vo. Pp. 176. 
(Dresden: Deutsche Buchwerkstatten, 1923.) 10,000 marks. 

Harper, Charles G., and Kershaw, J.C. The Downs 
and the Sea: Wild Life and Scenery in Surrey, Sussex, 
and Kent. Med. oy Pp. xii+238. (London: Cecil 
Palmer, 1923.) 15s. net. 

Johnston's World - Wide Atlas. Eleventh edition. 
Roy. 8vo. Pp. 112. (Edinburgh and London: W. and 
A. K. Johnston, Ltd., 1923.) 21s. net. 

Klotz, P. Vom Nil zum Kap. 8vo. Pp. xii+152. 
(Freiburg i. Br. : Herder und Co., 1923.) 16,500 marks. 

Lee, J. Fitzgerald. Imperial Military Geography. 
Third edition. Demy 8vo. Pp. xiv+272. (London: 
W. Clowes and Sons, Ltd., 1923.) 12s. 6d. net. 

Lucas, E. V. A Wanderer in Holland. Eighteenth 
edition, revised. Cr. 8vo. Pp. xv +315. (London: 
Methuen and Co., Ltd., 1923.) 10s. 6d. net. F 

Lucas, E. V. A Wanderer in London. Twenty-third 
edition, revised. Cr. 8vo. Pp. xiv+2g90. (London: 
Methuen and Co., Ltd., 1923.) 10s. 6d. net. 

McClintock, Walter. Old Indian Trails. Demy 
8vo. Pp. xii+336. (London: Constable and Co., Ltd., 
1923.) 21s. net. 

McKay, Herbert. The Oxford Picture Geographies. 
Cr. 8vo. Text-book 1: Mountains. Pp. 120. Pupil’s 
Book. Pp. 40. Text-book 2: Rivers. Pp. 120. Pupil’s 
Book. Pp. 40. Text-book 3: The Coast. Pp. 120. 
Pupil’s Book. Pp. 40. (London: Oxford University 
Press, 1923.) Text-books, 2s. 6d. net each ; Pupils’ Books, 
Paper, 6d. net each; Limp Cloth, 8d. net each. 

McKishnie, Archie P. Openway. Cr. 8vo.. Pp. 233. 
(London : Hodder and Stoughton, Ltd., 1923.) “6s. net. 

Martin, Carl. Landeskunde von Chile. Zweite ver- 
mehrte und verbesserte Auflage. Roy. 8vo. Pp. xxix 
+786. (Hamburg: L. Friederichsen und Co., 1923.) 
Grundzahl: 30 marks. 

Moncrieff, A. R. Hope, Edited by. Black’s Guide 
to London and its Environs. Twentieth edition. Fcap. 
— Ba 158. (London: A. and C. Black, Ltd., 1923.) 
2s. 

Findlay, Edited by. Switzerland: with 
Chamonix and the Italian Lakes. (The Blue Guides.) 
Feap. 8vo. Pp. lviii+512+78mapsand plans. (London: 
Macmillan and Co., Ltd.; Paris: Hachette et Cie, 1923.) 
15s. net. 

Outram, Sir James. In the Heart of the Canadian 
Rockies. New impression. Demy 8vo. Pp. xiii +460. 
(New York: The Macmillan Co.; London: Macmillan 
and Co., Ltd., 1923.) 16s. net. 

Parkinson, T. W. F. America. (‘‘ Reason Why” 
Geography.) Pott 4to. wn 255+6 plates+8 maps. 
(London and Glasgow : . Collins Sons and Co., Ltd., 
1923.) 35. 

Philip, George, Edited by. Philips’ Modern School 
Commercial Atlas: a series of 32 coloured plates, contain- 
ing 69 Maps and 92 Diagrams. Forming a Companion 
Volume to Philips’ Modern School Atlas of Comparative 
Geography. (Philips’ Comparative Series.) Demy 4to. 
Pp. xvi+32. (London: G. Philip and Son, Ltd. ; Liver- 
pool: Philip, Son and Nephew, Ltd., 1923.) 3s. 6d. net. 

Philip, George, Edited by. Philips’ Modern School 
Atlas of Physical, Political and Commercial Geography : 
a series of 112 coloured plates, containing 303 Maps and 
Diagrams, with explanatory notes and index. Comprising 
in one volume Philips’ Modern School Atlas of Comparative 
Geography and Philips’ Modern School Commercial Atlas. 
Demy 4to. Pp. vili+80+24+xvi+32. (London: G. 
Philip and Son, Ltd. ; Liverpool: Philip, Son and Nephew, 
Ltd., 1923.) 7s. 6d. ‘net. 

Rawlinson, A. Adventures in the Near East, t918- 
1922. Med. 8vo. Pp. 397. (London: A. Melrose, Ltd., 
1923.) 25s. net. 

Ross, C. Der Wegnach Osten: Reise durch Russland, 
Ukraine, Transkaukasien, Persien, Buchara und Turkestan. 
8vo. Pp. 310. (Leipzig: F. A. Brockhaus, 1923.) 
12,000 marks. 

Schmidt, H. W. Durch Tropenglut und Wildnis. 
8vo. Pp. 159. (Minden i. W.: W. Kohler, 1923.) 
goo marks. 

Seraphim, H. Die landliche Besiedlung Westsibiriens 
durch Russland. 8vo. Pp. xv+204. (Jena: G. Fischer, 
1923.) 18,000 marks. 
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Sewell, E.H.D. The Log ofaSportsman. Med. 8vo. 
Pp. 247. (London: T. Fisher Unwin, Ltd., 1923.) 15s. net. 

Snell, F. J. A Book of Exmoor. Second edition. 
Cr. 8vo. Pp. 350. (London: Methuen and Co., Ltd., 
1923.) 6s. net. 

Steeple, E. W., Barlow, G., and Macrobert, H., 
Edited by. Island of Skye. (The Scottish Mountaineer- 
ing Club Guide, Vol. 3, Section A.) Med. 8vo. Pp. 126. 
(Edinburgh : Douglas and Foulis, 1923.) ros. net. 

Stefansson, Vilhjalmur. Hunters of the Great North. 
Ex. Cr. 8vo. Pp. 288+16 plates+2 maps. (London, 
Calcutta and Sydney: G. G. Harrap and Co., Ltd., 1923.) 
7s. 6d. net.* 

Stigand, Major C.H. Equatoria: the Lado Enclave. 
Demy 8vo. Pp.lv +253. (London, Bombay and Sydney: 
Constable and Co., Ltd., 1923.) 21s. net.* 

Stuart, E. J. A Land of Opportunities: being an 
Account of the Author’s recent Expedition to explore the 
Northern Territories of Australia. Med. 8vo. Pp. xiv + 
144. (London: J. Lane, Ltd., 1923.) 10s. 6d. net. 

Unstead,J.F. World Geography and World Problems. 
(Citizen of the World Geographies.) Cr. 8vo. Pp. viii 
+280. (London: Sidgwick and Jackson, Ltd., 1923.) 
4s. net. 

Waldo, Fullerton. Down the Mackenzie, Through the 
Great Lone Land. Ex.Cr. 8vo. Pp. xiii +251 +31 plates. 
(New York: The Macmillan Co.; London: Macmillan 
and Co., Ltd., 1923.) 14s. net. 

Welpton, W. P. The Teaching of Geography. Cr. 
8vo. Pp. xii+159. (London: University Tutorial Press, 
Ltd., 1923.) 3s. 6d.* 

Wild, Comdr. Frank. Shackleton’s Last Voyage: 
the Story of the Quest. From the Official Journal and 
Private Diary kept by A. H. Macklin. Med. 8vo. Pp. 
XVi +372 +100 plates. (London, New York, Toronto and 
Melbourne : Cassell and Co., Ltd., 1923.) 30s. net.* 


General Biology: Natural History 


Ash, Edward C. British Spiders: their Lives, Loves, 
and Tragedies. (Nature Lovers’ Library, Vol. 19.) 
Demy 16mo. Pp. 144. (London: R. Holden and Co., 
Ltd., 1923.) Is. net. 

Ash, Edward C. Pond Life: a Story of a Strange 
World. (Nature Lovers’ Library, Vol. 20.) Demy 16mo. 
Pp. 160. (London: R. Holden and Co., Ltd., 1923.) 
Is. net. 

Batten, H. Mortimer, Edited by. Tracks of British 
Birds. Life size, printed on cloth. 20in.x30in. (Edin- 
burgh and London: W. and A. K. Johnston, Ltd., 1923.) 
4s. net.* 

Crabtree, J. H. Wonders of the Sea-Shore. (Nature’s 
Wonders’ Series.) Cr. 8vo. Pp. 90+10 plates. (London: 
The Epworth Press, 1923.) Is. 6d. net.* 

Ehrenberg, Rudolf. Theoretische Biologie vom Stand- 
punkt der Irreversibilitat des elementaren Lebensvor- 
ganges. Roy. 8vo. Pp. vi+348. (Berlin: J. Springer, 
1923.) 8s. 4d.* 

Elms, E. F.M. Our Migrant Birds and How to Know 
Them. (How to Know Them Series.) New edition. 
Gl. 8vo. Pp. 126. (London: Thornton Butterworth, 
Ltd., 1923.) 4s. net. 

Elms, E. F. M. Our Resident Birds and How to 
Know Them. (How to Know Them Series.) New edition. 
Gl. 8vo. Pp.126. (London: Thornton Butterworth, Ltd., 
1923.) 45. net. 

Finn, Frank. Familiar London Birds. Cr. 8vo. Pp. 
viii+ 160. (London: Hutchinson and Co., 1923.) 4s. 6d. net. 

Friend, Hilderic. British Earthworms and How to 
Identify Them. (How to Identify Series, No. 18.) Fcap. 
8vo. Pp. 64. (London: The Epworth Press, 1923.) 


to Know Them. (Nature Lovers’ Library, Vol. 18.) 
Demy 16mo. Pp. 128. (London: R. Holden and Co., 
Ltd., 1923.) Is. net. 

MacLeod, Alice. Pigeon Raising. (Outing Hand- 
books.) Gl. 8vo. Pp. 113. (New York: The Mac- 
millan Co.; London: Macmillan and Co., Ltd., 1923.) 
4s. 6d. net. 


Marchant, Sir James, Arranged by. The Claims of 
the Coming Generation: a Consideration by Various 
Writers. Cr. 8vo. Pp. v+175. (London: Kegan Paul 
and Co., Ltd.; New York: E. P. Dutton and Co., 1923.) 
6s. 6d. net.* 

Maurice, Col. G. T.K. Observations and Reflections 
on Wild Creatures. Demy 8vo. Pp. 284. (London: 
Drane’s, 1923.) 7s. 6d. net. 

Meisenheimer, Johannes. Die Vererbungslehre in 
gemeinverstandlicher Darstellung ihres Inhalts. (Jena: 
G. Fischer, 1923.) Grundzahl: 3.50 marks. 

Menzies, W. J. M., jun. Salmon Investigations in 
Scotland, 1921. 4: Summary of Results. (Fishery 
Board for Scotland: Salmon Fisheries, 1921, No. 4.) 
Roy. 8vo. Pp. 18. (Edinburgh and London: H.M. 
Stationery Office, 1923.) 1s. 6d. net.* 

Mitchell, P. Chalmers, Edited by. The Pageant of 
Nature: British Wild Life and its Wonders. Sup. Roy. 
8vo. Part 11. Pp. 721-792. Part 12. Pp. 793-864. 
Part 13. Pp. 865-928. Part 14. Pp.929-992. (London: 
Cassell and Co., Ltd., 1923.) Is. 3d. net each part.* 

Perrier, Rémy. Faune de France _illustrée. 
Roy. 8vo. Tome 3: Myriapodes, insectes inférieurs. 
Pp. xi+153. (Paris: Ch. Delagrave, 1923.) 

Quiroga, Horacio. South American Jungle Tales. 
Authorised translation from the Spanish (Cuentos de la 
Selva) by Arthur Livingston. Ex. Cr. 8vo. Pp. v +166 
+4 plates. (London: Methuen and Co., Ltd., 1923.) 
6s. net. 

Roux, Wilhelm, Herausgegeben von. Vortrage und 
Aufsatze iiber Entwicklungsmechanik der Organismen. 
8vo. Heft 32: Formen und Krafte in der lebendigen 
Natur, von Martin Heidenhain. Beitrag 7 zur syntheti- 
schen Morphologie. Pp. vi+136. (Berlin: J. Springer, 
1923.) Grundzahl: 5.6 marks. 

St. Mars, F. The Trail of the Wild. Cr. 8vo. Pp. 
216. (London: Nisbet and Co., 1923.) 2s. 6d. net. 

Schulte - Vaerting, Hermann. Die _ soziologische 
Abstammungslehre. Ex. Cr. 8vo. Pp. 136. (Leipzig: 
G. Thieme, 1923.) 1s. 9d.* 

Schulze, Paul, Herausgegeben von. Biologie der 
Tiere Deutschlands. Ex. Cr. 8vo. Lief. 2. Pp. 28+10 
+17. 7d. Lief. 3. Pp. 29-97. 1s. 4d. Lief. 4. Pp. 
37+39. Is. 8d. Lief. 5. Pp. 12+40. 9d. Lief. 6. 
Pp. 64. 1s. 2d. (Berlin: Gebriider Borntraeger, 1923.)* 

Seton, Ernest Thompson. The Biography of a 
Grizzly. Pott 4to. Pp. 167. (London: Hodder and 
Stoughton, Ltd., 1923.) 7s. 6d. net. 

Seton, Ernest Thompson. Bannertail: the Story 
of a Gray Squirrel. Pott 4to. Pp. 230. (London: 
Hodder and Stoughton, Ltd., 1923.) 8s. 6d. net. 

Thomson, J. Arthur. The New Natural History : 
being the Twenty-fifth Robert Boyle Lecture delivered 
before the Junior Scientific Club of the University of 
Oxford on 6th June 1923. Demy8vo. Pp.19. (London: 
Oxford University Press, 1923.) 1s. net.* 


Botany: Horticulture: Forestry 


Beccari, Odoardo. Asiatic Palms—Lepidocaryez. 
Supplement to Part 1: The Species of Calamus. (Annals 
of the Royal Botanic Gardens, Calcutta: Vol. 11, Ap- 
pendix.) Imp. 4to. Pp. vi+142+x-+83 plates, 21 in. 
x14 in. (Calcutta: Bengal Secretariat Press, 1913-14.) 
Text, 4.12 rupees (7s.) ; Plates, 23.8 rupees (35s.).* 

Britton, N. L., and Wilson, Percy. Scientific Survey 
of Porto Rico and the Virgin Islands. Med. 8vo. Vol. 5. 
Part 1: Botany of Porto Rico and the Virgin Islands. 
Preface, by N. L. Britton. Descriptive Flora—Sperma- 
tophyta (part), by N. L. Britton and Percy Wilson. 
Pp. 158. (New York: Academy of Sciences, 1923.)* 

Daglish, E. Fitch. Our Wild Flowers and How to 
Know Them. (How to Know Them Series.) New edition. 
Gl. 8vo. Pp.127. (London: Thornton Butterworth, Ltd., 
1923.) 4s. net. 

Department of Scientific and Industrial Research : 
Food Investigation Board. Special Report No. 12: 
Brown Heart—a Functional Disease of Apples and Pears. 
By Franklin Kidd and Cyril West. Roy. 8vo. Pp. 
ix+54+19 plates. (London: H.M. Stationery Office, 
1923.) 4s. 6d. net.* 
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Department of Scientific and Industrial Research : 
Food Investigation Board. Special Report No. 17: 
Mould Growths upon Cold-Store Meat. By F. T. Brooks 
and C. G. Hansford. Roy. 8vo. Pp. iv+6+113-142. 
(London: H.M. Stationery Office, 1923.) 1s. 6d. net.* 

Goebel, K. Organographie der Pflanzen, insbesondere 
der Archegoniaten und Samenpflanzen. Zweite, um- 
gearbeitete Auflage. Teil 3: Spezielle Organographie 
der Samenpflanzen. Heft 3: Die Sporangien der Samen- 
pflanzen. (Jena: G. Fischer, 1923.) Grundzahl: 3 marks. 

Hamblin, Stephen F. List of Plant Types for Land- 
scape Planting: the Materials of Planting for Ornament 
listed according to their Various Uses. Cr. 4to. Pp. 
xiv +163. (Cambridge, Mass. : Harvard University Press; 
London : Oxford University Press, 1923.) 21s. net. 

Hampden, Mary. Bulb Gardening. (Home Garden 
Books.) New edition. Sq. 8vo. Pp. 221. (London: 
Thornton Butterworth, Ltd., 1923.) 6s. net. , 

Hampden, Mary. Rose Gardening. (Home Garden 
Books.) New edition. Sq. 8vo. Pp. 231. (London: 
Thornton Butterworth, Ltd., 1923.) 6s. net. 

Hampden, Mary. Town Gardening. (Home Garden 
Books.) New edition. Sq. 8vo. Pp. 160. (London: 
Thornton Butterworth, Ltd., 1923.) 6s. net. 

Hornibrook, Murray. Dwarf and Slow-growing 
Conifers. Cr. 8vo. Pp. x+195. (London: Country 
Life, 1923.) 10s. 6d. net. 

Irving, Walter, and Malby, Reginald A. Saxifrages 
or Rockfoils. Demy 8vo. Pp. 158. (London: The 
Swarthmore Press, 1923.) 6s. net. 

Macself, A. J. Delphiniums, and How to Excel with 
Them. Cr. 8vo. Pp. 31. (London: Country Life,1923.) 9d. net. 

Macself, A. J. Hardy Perennials. (Home Garden 
Books.) New edition. Sq. 8vo. Pp. 219. (London: 
Thornton Butterworth, Ltd., 1923.) 6s. net. 

Morstatt, H. Einfiihrung in die Pflanzenpathologie : 
ein Lehrbuch fiir Land- und Forstwirke, Gartner und 
Biologen. (Sammlung Borntraeger, Band 1.) Demy 
8vo. Pp. viii+159. (Berlin: Gebriider Borntraeger, 
2923.) 3s.* 

Paulsen, Ove. De vigtigste Plantegrupper. 8vo. 
Pp. xiv+169. (Kjgbenhavn, Kristiania, London, Berlin : 
Gyldendalske Boghandel, 1923.) 

Potonié, Henry. Taschenatlas zur Flora von Nord- 
und Mitteldeutschland. Uberarbeitet von Robert Potonié. 
Siebente Auflage. (Jena: G. Fischer, 1923.) Grund- 
zahl: 5 marks. 

Read, D. H. Moutray. One Garden: the Intimate 
Chronicle of its Making. Demy 8vo. Pp. xii+315. 
(London: Williams and Norgate, 1923.) 12s. 6d. net. 

Robson, Forster. Our Wayside Trees and How to 
Know Them. (How to Know Them Series.) New edition. 
Gl. 8vo. Pp.125. (London: Thornton Butterworth, Ltd., 
1923.) 4s. net. 

Singleton, Esther. The Shakespeare Garden. Demy 
8vo. Pp. xxii+360. (London: Methuen and Co., Ltd., 
1923.) 12s. 6d. net. 

Stapf, O., Edited by. Curtis’s Botanical Magazine. 
Roy. 8vo. Vol. 148. Part 4. Plates 8968-8977 and 
text. (London: H. F. and G. Witherby, 1923.) 17s. 6d. net.* 

Tubeuf, Karl v. Monographie der Mistel. 8vo. Pp. 
xii +832 +35 Tafeln. (Miinchen und Berlin: R. Olden- 
bourg, 1923.) 

Woolley, R. V. Giffard. Roses, and How to Excel 
with Them. Demy 8vo. Pp. 119. (London: Country 
Life, 1923.) 2s. 6d. net. 

Yapp, R. H. Botany: a Junior Book for Schools. 
Cr. 8vo. Pp. xi+199. (Cambridge: At the University 
Press, 1923.) 3s. 6d.* 


Zoology 


Borradaile, L. A. Elementary Zoology for Medical 
Students. (Oxford Medical Publications.) Cr. 8vo. Pp. 
viii+378. (London: H. Frowde and Hodder and 
Stoughton, 1923.) 10s. 6d. net.* 

Borradaile, L. A. A Manual of Elementary Zoology. 
Oxford Medical Publications.) Fourth edition. Cr. 8vo. 

p. xvi+671+15 plates. (London: H. Frowde and 
Hodder and Stoughton, 1923.) 18s. net.* 


Dahl, Friedrich. Grundlagen einer 6kologischen Tier- 
geographie. Zweiter, spezieller Teil. (Jena: G. Fischer, 
1923.) Grundzahl: 3 marks. 


Agriculture 


Hitier, Henri, et Hitier, Joseph. Les Problémes 
actuels de l’agriculture. (La Renaissance agricole.) Cr. 
8vo. Pp. 155. (Paris: Libr. Payot, 1923.) 

Hubbard, W. Hustace. Cotton and the Cotton 
Market. Ex. Cr. 8vo. Pp. xii+5c3. (London: D. 
Appleton and Co., 1923.) 16s. net. 

Internationai Institute of Agriculture. Oleaginous 
Products and Vegetable Ojls: Production and Trade. 
Sup. Roy. 8vo. Pp. xxxiv+511. (Rome: International 
Institute of Agriculture, 1923.) 

Johnston, A. B. The Agricultural Tragedy: or Acts 
and Actors. Demy 8vo. Pp. xii+34. (London: Simpkin, 
Marshall and Co., Ltd., 1923.) 1s. net.* 

K6énig, J. Die Untersuchung landwirtschaftlich und 
landwirtschaftlich-gewerblich wichtiger Stoffe. Fiinfte, 
neubearbeitete Auflage. Roy. 8vo. Band 1: Die Unter- 
suchung landwirtschaftlich-wichtiger Stoffe. Pp. 965. 
(Berlin: P. Parey, 1923.) Grundzahl: 28 marks. 

Ministry of Agriculture and Fisheries. Miscel- 
laneous Publications No. 39: Report on the Occurrence 
of Insect Pests on Crops in England and Wales for the 
Years 1920-21. Roy. 8vo. Pp. 40. (London: H.M. 
Stationery Office, 1923.) 2s. 6d. net.* 

Pellett, Frank C. Productive Bee-keeping : Modern 
Methods of Production and Marketing of Honey. (Lippin- 
cott’s Farm Manuals.)' Third edition, revised. Med. 8vo. 
Pp. xiv +302. (Philadelphia and London: J. B. Lippin- 
cott Co., 1923.) ros. 6d. net. 

Rowlands, M. J. Open-Air Pig Breeding: Scientific 
and Practical. Cr. 8vo. Pp. xiv+233. (London: Vinton 
and Co., 1923.) 7s. 6d. net. 

Saunders, C. B. Methods of Seed Analysis. Sup. 
Roy. 8vo. Pp. 15. (Cambridge: National Institute of 
Agricultural Botany, 1923.) 1s. 

Smith, William W. The Pig Book for Boys and Girls. 
With an Introduction and Chapter on Special Instructions 
for Pig Club Leaders and Appendix, by Frederick M. 
Shanklin. Cr.8vo. Pp.171. (Philadelphia and London: 
J. B. Lippincott Co., 1923.) 5s. net. 

Todd, John A. The World’s Cotton Crops. Reprint. 
Large Cr. 8vo. Pp. 475. (London: A. and C. Black, 
Ltd., 1923.) 12s. 6d. net. 


Anatomy: Physiology 


Amar, Jules. Le Moteur humain et les bases scien- 
tifiques du travail professionnel. 2¢ édition, revue et 
augmentée. Cr. 8vo. Pp. xvi+6g0. (Paris: Libr. 
Dunod, 1923.) 45 francs. 

Czapek, F., Gildemeister, M., Godlewski, E., 
Neuberg, C., und Parnas, J., Herausgegeben von.. 
Monographien aus dem Gesamtgebiet der Physiologie der 
Pflanzen und der Tiere. 8vo. Band 1: Die Wasser- 
stoffionen-Konzentration, von Leonor Michaelis. Teil 1: 
Die theoretischen Grundlagen: ihre Bedeutung fiir die 
Biologie und die Methoden ihrer Messung. Zweite, 
vollig umgearbeitete Auflage. Pp. xii+262. (Berlin: 
J. Springer, 1923.) Grundzahl: g marks. 

Feulgen, R. Chemie und Physiologie der Nukleinstoffe 
nebst Einfiihrung in die Chemie der Purinkérper. Mit 
einem Sonderkapitel die Pathologie der Purinstoff- 
wechsels, von Frieda Feulgen-Brauns. (Die Biochemie 
in Einzeldarstellungen, Nr. 5.) Med. 8vo. Pp. xii +432. 
(Berlin : Gebriider Borntraeger, 1923.) 18s.* 

Halliburton, W. D. Handbook of Physiology. New 
and sixteenth edition. Roy. 8vo. Pp. xx+968. (London: 
J. Murray, 1923.) 21s. net. 

Johnstone, Mary A. Physiology for Girls. Fcap. 
8vo. Pp. 286. (London and Glasgow: Blackie and Co., 
Ltd., 1923.) 3s. net. 

Jolly, J. Traité technique d’hématologie, morphologie, 
histogenése, histophysiologie, histopathologie. 2 vols. 
Pp. 1130. (Paris: A. Maloine et fils, 1923.) 70 francs. 
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Kries, Johannes v. Allgemeine Sinnesphysiologie. 
Sup. Roy. 8vo. Pp. x+299. (Leipzig: F. C. W. Vogel, 
1923.) 

Mottram, V.H. A Manual of Histology. Demy 8vo. 
Pp. ix+294. (London: Methuen and Co., Ltd., 1923.) 
14s. net.* 

Oppenheimer, Carl, Herausgegeben von. Handbuch 
der Biochemie des Menschen und der Tiere. Zweite 
Auflage. Lieferung 2 (Bg. 1-10) des 4 Bandes. Grund- 
zahl: 6 marks. Lieferung 3 (Bg. 1-7) des 2 Bandes. 
Grundzahl: 4.20 marks. (Jena: G. Fischer, 1923.) 

Petersen, William F. Protein-Therapie und un- 
spezifische Leistungssteigerung. Ubersetzt von Luise 
Bohme. Mit einer Einfihrung und Erganzungen von 
Wolfgang Weichardt. 8vo. Pp. viii+307. (Berlin: J. 
Springer, 1923.) Grundzahl: 10 marks. 

Romieu, Marc. Recherches histophysiologiques sur 
le sang et sur le corps cardiaque des Annélides Polychétes. 
(Archives de Morphologie générale et expérimentale, 
No. 17.) Roy. 8vo. Pp. 340+7 planches. (Paris: G. 
Doin, 1923.) 30 francs. 

Roussy, Gustave, and Bertrand, Ivan. Lessons in 
Pathological Histology. Translated from the second 
French edition by Joseph McFarland. Imp. 16mo. Pp. 
278. (London, Bombay and Sydney: Constable and Co., 
Ltd., 1923.) 16s. net.* 

Stempell, Walter, und Koch, Albert. Elemente der 


‘Tierphysiologie : ein Hilfsbuch fiir Vorlesungen und Prak- 


tische Ubungen an Universitaéten und hdheren Schulen, 
sowie zum Selbststudium fiir Zoologen und Mediziner. 
Zweite, neubearbeitete und erweiterte Auflage. (Berlin: 
J. Springer, 1923.) Grundzahl: 20 marks. 

Taylor, Clara M. The Discovery of the Nature of 
the Air, and of its Changes during Breathing. (Classics 
of Scientific Method.) Cr. 8vo. Pp. ix+84+8 plates. 
(London: G. Bell and Sons, Ltd., 1923.) 1s. 6d. net.* 

Wilson, R. McNair. How Our Bodies are made. 
(Oxford Medical Publications.) Cr. 8vo. Pp. viii+246. 
(London: H. Frowde and Hodder and Stoughton, 1923.) 
5s. net. 


Anthropology: Archzology 


Allen, Thomas G. A Handbook of the Egyptian 
Collection. (Published for the Art Institute of Chicago.) 
Roy. 8vo. Pp.ix+173. (Chicago: University of Chicago 
Press; London: Cambridge University Press, 1923.) 
1.50 dollars. 

An Ignorant Student. Origins in Place Names. 
Demy 8vo. Part 3: Growth. Pp.13. (London: Privately 
printed at the Chiswick Press, 1923.)* 

Beerski, P. Jeannerat de. Angkor: Ruins in Cam- 
bodia. Med. 8vo. Pp. 304. (London: Grant Richards, 
Ltd., 1923.) 18s. net. 

Budge, Sir E. A. Wallis. First Steps in Egyptian : 
a Book for Beginners. Second impression. Demy 8vo. 
Pp. 335. (London: Kegan Paul and Co., Ltd., 1923.) 
10s. 6d. net. 

Buren, E. Douglas Van. Archaic Fictile Revetments 
in Sicily and Magna Grecia. Sup. Roy. 8vo. Pp. xx+ 
168 +19 plates. (London: J. Murray, 1923.) 21s. net. 

Cowley, A., Edited with translation and notes by. 
Aramaic Papyri of the Fifth Century, B.c. Med. 8vo. 
Pp. xxxii+319. (Oxford: Clarendon Press; London: 
Oxford University Press, 1923.) 21s. net. 

Gadd, C. J., Edited with Transliteration, Translation, 
Notes, etc., by. The Fall of Nineveh: the Newly-Dis- 
covered Babylonian Chronicle No. 21,901 in the British 
Museum. Cr. 4to. Pp. 42+6 plates. (London: British 
Museum, 1923.) 4s. 6d. net. 

Gaskell, G. A. A Dictionary of the Sacred Language 
of all Scriptures and Myths. Roy. 8vo. Pp. 844. 
(London: G. Allen and Unwin, Ltd., 1923.) 42s. net.* 

Gaskell, George A. The Archetypal Man: as Fore- 
shadowing a new Scripture Exegesis. Gl. 8vo. Pp. 98. 
(Newcastle-upon-Tyne : Fenwick and Wade, Ltd., 1922.)* 

Johnson, H. J. T. Anthropology and the Fall. Cr. 
8vo. Pp. 108. (Oxford: B. Blackwell, 1923.) 3s. 6d. net. 

Lane, Lt.-Col. W. H. Babylonian Problems. Med. 8vo. 
Pp. xvi+350. (London: J. Murray, 1923.) 21s. net. 

Nahas, Bishara. The Life and Times of Tutankhamen. 
Cr. 8vo. Pp. xi+112. (New York: The American 
Library Service, 1923.) 1.50 dollars. 


Oesterley, W. O. E. The Sacred Dance: a Study in 
Comparative Folklore. Cr. 8vo. Pp. x+234. (Cam- 
bridge : At the University Press, 1923.) 8s. 6d. net. 

Peet, T. Eric, and Woolley, C. Leonard. The City 
of Akhenaten. Part 1: Excavations of 1921 and 1922 
at El-Amarneh. With chapters by Battiscombe Gunn 
and P. L. O. Guy. (Thirty-eighth Memoir of the Egypt 
Exploration Society.) Roy. 4to. Pp. vii +176 +64 plates. 
(London: Egypt Exploration Society, 1923.) 

Petrie, Sir W. M. Flinders. Ten Years’ Digging in 
Egypt, 1881-1891. Cr.8vo. Pp.192. (London: Religious 
Tract Society, 1923.) 3s. net. 

Willcock, W. J. The Ancient Masonic Ring of 
Peterborough, a Relic of Saxon Times: the Story of its 
Symbolism and Association. Gl. 8vo. Pp. 51. (Peter- 
borough: Caster and Jelly, 1923.) 2s. 6d. net. 


Philosophy: Psychology 


Bleuler, E. Lehrbuch der Psychiatrie. Vierte Auflage. 
8vo. Pp. viii+546. (Berlin: J. Springer, 1923.) Grund- 
zahl: 15 marks. 

Brown, William. Talks on Psychotherapy. Cr. 8vo. 
Pp. 96. (London: University of London Press, 1923.) 
2s. 6d. net. 

Bruce, J. Percy. Chu Hsi and his Masters: an 
Introduction to Chu Hsi and the Sung School of Chinese 
Philosophy. Cr. 8vo. Pp. xvi+336. (London: Probs- 
thain and Co., 1923.) 24s. net. 

Chetty, D. Gopaul. New Light upon Indian Philo- 
sophy ; or, Swedenborg and Saiva Siddhanta. Cr. 8vo. 
Pp. 254. (London: J. M. Dent and Sons, Ltd., 1923.) 
3s. 6d. net. 

Dawbarn, C. Y. C. Applied Philosophy. Cr. 8vo. 
Pp. xvii+331. (London: Longmans, Green and Co., 
1923.) 55. net. 

Ellis, Havelock. The Dance of Life. Demy 8vo. 
Pp. xiv+340. (London, Bombay and Sydney: Con- 
stable and Co., Ltd., 1923.) 12s. net.* 

Godfrey, W. S. Philosophies of Life: a Survey and 
a Speculation, including a Friendly Criticism of Mr. 
McCabe’s Outlook. Fcap. 8vo. Pp. 39. (London: 
Watts and Co., 1923.) Is. 6d. net. 

Hare, William Loftus. Mysticism cf East and West : 
Studies in Mystical and Moral Philosophy. Demy 8vo. 
Pp. 356. (London: Jonathan Cape, 1923.) tos. 6d. 
net. 

Janet, Pierre. La Médecine psychologique. (Biblio- 
théque de philosophie scientifique.) Pott 8vo. Pp. 300. 
(Paris: E. Flammarion, 1923.) 7.50 francs. 

Jaspers, Karl. Allgemeine Psychopathologie fiir 
Studierende, Arzte und Psychologen. Dritte, vermehrte 
und verbesserte Auflage. 8vo. Pp. xv +458. (Berlin: 
J. Springer, 1923.) Grundzahl: 14 marks. 

Keith, A. Berriedale. Buddhist Philosophy in India 
andCeylon. Cr. 8vo. Pp. 339. (Oxford: Clarendon Press ; 
London: Oxford University Press, 1923.) tos. 6d. net. 

Kitson, Harry D. The Mind of the Buyer: a 
Psychology of Selling. Cr. 8vo. Pp. x+211. (New 
York: The Macmillan Co.; London: Macmillan and 
Co., Ltd., 1923.) 7s. net. 

Laird, Donald A. An Introduction to Applied 
Psychology for Nurses. 8vo. Pp. 236. (Philadelphia 
and London: J. B. Lippincott Co., 1923.) 10s. 6d. net. 

Lawrence, D. H. Psycho-Analysis and the Uncon- 
scious. Cr. 8vo. Pp. 128. (London: Martin Secker, 
1923.) 5s. net. 

Low, Barbara. Psycho-Analysis: a Brief Account 
of the Freudian Theory. Cr. 8vo. Pp. 192. (London: 
G. Allen and Unwin, Ltd., 1923.) 5s. net. 

Mary, Albert. Les Horizons du physicisme, esquisses 
de philosophie biologique et plasmogénique. 8vo. Pp. 64. 
(Paris: A. Maloine et fils, 1923.) 6 francs. 

Prinzhorn, Hans. Bildnerei der Geisteskranken: ein 
Beitrag zur Psychologie und Psychopathologie der Gestal- 
tung. Zweite Auflage. 4to. Pp. vili+361. (Berlin: 
J. Springer, 1923.) Grundzahl: 36 marks. 

Rogers, Arthur K. What is Truth? an Essay in 
the Theory of Knowledge. 8vo. Pp. xii+184. (New 
Haven: Yale University Press; London: Oxford Uni- 
versity Press, 1923.) 10s. 6d. net. 
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Stekel, Wilhelm. Der Fetischismus: dargestellt fiir 
Arzte und Kriminalogen. Sup. Roy. 8vo. Pp. viii +601. 
(Berlin und Vienna: Urban und Schwarzenberg, 1923.) 

Stratton, George M. Anger: its Religious and Moral 
Significance. Cr. 8vo. Pp.x+277. (London: G. Allen 
and Unwin, Ltd., 1923.) 8s. 6d. net. 


Bacteriology : Hygiene 


Adams, Henry C. Domestic Sanitation and House 
Drainage. (Oxford Technical Publications.) Demy 8vo. 
Pp. xv +227. (London: H. Frowde and Hodder and 
Stoughton, 1923.) 10s. 6d. net. 

Broadhurst, Jean. How We Resist Disease: an Intro- 
duction to Immunity. Pp. 248+4 plates. (Philadelphia 
and London: J. B. Lippincott Co., 1923.) Ios. 6d. net. 

Kisskalt, Karl. Praktikum der Bakteriologie. Fiinfte, 
umgearbeitete und vermehrte Auflage. Mit einem An- 
hang: Vorschriften fiir Versuchstierzucht von Martin 
Mayer. (Jena: G. Fischer, 1923.) Grundzahl: 3 marks. 

Lucas, William P. The Health of the Runabout 
Child : the Journey from his Mother’s Lap to the School 
Gate. Cr. 8vo. Pp. x+229. (New York: The Mac- 
millan Co.; London: Macmillan and Co., Ltd., 1923.) 
8s. net. 

Mattick, A. T. R. The Production of Clean Milk. 
Demy 8vo. Pp. 53. (London: The Dairyman, Ltd., 
1923.) 1s. net.* 

Parkes, Louis C., and Kenwood, Henry R. Hygiene 
and Public Health. (Lewis’s Practical Series.) Seventh 
edition. Demy 8vo. Pp. xi+783. (London: H. K. 
Lewis and Co., Ltd., 1923.) 20s. net. 

Piatt, Kate. The Home and Health in India and the 
Tropical Colonies. Cr. 8vo. Pp. 216. (London: Bail- 
liére, Tindall and Cox, 1923.) 5s. net. 

Schottmiiller, Hugo. Leitfaden fiir die klinisch- 
bakteriologischen Kulturmethoden. Pp. 96. (Berlin und 
Wien : Urban und Schwarzenberg, 1923.) 

Stitt, E. R. Practical Bacteriology, Blood Work and 
Animal Parasitology: including Bacteriological Keys, 
Zoological Tables, and Explanatory Clinical Notes. 
Seventh edition, revised and enlarged. Cr. 8vo. Pp. 781. 
(London: H. K. Lewis and Co., Ltd., 1923.) 21s. net. 

Vaughan, Victor C. Epidemiology and Public Health. 
3 vols. Roy. 8vo. (London: H. Kimpton, 1923.) 45s. 
net each vol. 


Medicine: Surgery 


Barnes, Harry A. The Tonsils: Faucial, Lingual, 
and Pharyngeal; with some account of the Posterior 
and Lateral Pharyngeal Nodules. Second edition, revised 
and enlarged. Roy. 8vo. Pp. 217. (London: H. 
Kimpton, 1923.) 25s. . 

Bell, Robert. The Conquest of Cancer: Golden Shafts 
from the Glowing Orb of Truth. Cr. 8vo. Pp. xiii+182. 
(London: G. Bell and Sons, Ltd., 1923.) 35s. 6d. net. 

Calmette, Albert. Tubercle Bacillus Infection and 
Tuberculosis in Man and Animals. Authorised transla- 
tion by Willard B. Soper and George H. Smith. Pp. 689. 
(Baltimore, Md. : Williams and Wilkins Co., 1923.) 

Choyce, C. C., Edited by. A System of Surgery. 
Second edition. In 3 vols. Med. 8vo. Vol. 1. Pp. 
xxiii+1013. Vol. 2. Pp. xv+1057. Vol. 3. Pp. xvi+ 
1176. (London: Cassell and Co., Ltd., 1923.) 12es. net. 

Forsdike, Sidney. The Effects of Radium upon 
Living Tissues: with Special Reference to its Use in the 
Treatment of Malignant Disease. (Jacksonian Essay.) 
Demy 8vo. Pp. 72+9 plates. (London: H. K. Lewis 
and Co., Ltd., 1923.) 5s. net.* 

Frumsan, Jean. Rejuvenation: the Duty, the 
Possibility, and the Means of Regaining Youth. Sixth 
edition. Translated from the French by Elaine A. Wood. 
Cr. 8vo. Pp. viii+138. (London: J. Bale, Sons and 
Danielsson, L.td., 1923.) 7s. 6d. net. 

Hehir, Maj.-Gen. Sir Patrick. The Medica} Pro- 
fession in India. (Oxford Medical Publications.) Demy 
8vo. Pp. 148. (London: H. Frowde and Hodder and 
Stoughton, 1923.) 7s. 6d. net. 


History of the Great War: Based on Official Docu- 
ments. Medical Services: Pathology. Edited by Maj.- 
Gen. Sir W. G. Macpherson, Maj.-Gen. Sir W. B. Leishman, 
and Col. S. L. Cummins. Med. 8vo. Pp. vi+6o00. 
(London : H.M. Stationery Office, 1923.) 21s. net.* 

Llewelyn, LI. J. La Goutte. Traduit de l'anglais 
par A. Frangon. Avec un chapitre sur les affections 
oculaires chez les goutteux, par W. M. Beaumont. Koy. 
8vo. Pp. 650+2 planches. (Paris: F. Alcan, 1923.) 
45 francs. 

Lockhart-Mummery, P. Diseases of the Rectum 
and Colon, and their Surgical Treatment. Demy 8vo. 
Pp. 882. (London: Bailliére, Tindall and Cox, 1923.) 
25s. net. 

Lyon, B. B. Vincent. Non-Surgical Drainage of the 
Gall Tract. Med. 8vo. Pp.xvii+640+10plates. (Phila- 
delphia and New York: Lea and Febiger, 1923.) 

Mackenzie, Sir James. Angina Pectoris. (Oxford 
Medical Publications.) Cr. 4to. Pp. 270+3 plates. 
(London: H. Frowde and Hodder and Stoughton, 1923.) 
30s. net. 

Mayo, William J., Mayo, Charles H., and their 
Associates. Mayo Clinic Volume. (Papers of 1922.) 
8vo. Pp. 1394. (Philadelphia and London: W. B. 
Saunders Co., Ltd., 1923.) 63s. net. 

Medical Research Council. The Serum Diagnosis 
of Syphilis: the Wassermann and Sigma Reactions com- 
pared. (Special Report Series, No. 78.) Roy. 8vo. Pp. 
171. (London: H.M. Stationery Office, 1923.) 5s. 6d. net.* 


Miscellaneous 


Bradley, A. G., Champneys, A. C., and Baines, 
J.W. A History of Marlborough College. Now revised 
and continued by J. R. Taylor, H. C. Brentnall, and G. C. 
Turner. Demy 8vo. Pp. xii+331+16 plates. (London: 
J. Murray, 1923.) 15s. net. 

Connington, J. J. Nordenholt’s Million. Cr. 8vo. 
Pp. viii+303. (London, Bombay and Sydney: Con- 
stable and Co., Ltd., 1923.) 7s. 6d. net.* 

Cotton, Charles. Poems of Charles Cotton, 1630-— 
1687. Edited, with an Introduction and Notes, by John 
Beresford. Demy 8vo. Pp. 420. (London: R. Cobden- 
Sanderson, 1923.) 15s. net.* 

Davies, A. Emil, Edited by; assisted by Hartog, 
W. G., and by many Specialist Contributors. The 
Treasure Book of Knowledge. Cr. 8vo. Pp. xvi+464 
+40 plates. (London: The Syndicate Publishing Co., 
Ltd., 1923.) 21s. net. 

Hammond, D. B. Stories of Scientific Discovery. 
Cr. 8vo. Pp. ix+199+8 plates. (Cambridge: At the 
University Press, 1923.) 6s. net.* 

Headlam, Cecil, Edited by. Calendar of State Papers, 
Colonial Series, America and West Indies, June, 1708-1709, 
preserved in the Public Record Office. Sup. Roy. 8vo. 
Pp. xliii+642. (London: H.M. Stationery Office, 1922.) 
40s. net.* 

Lewis, Edwin H. White Lightning. Demy §8vo. 
Pp. iv+354. (Chicago: Covici-McGee, 1923.)* 

Library Association, Issued by the. The Subject 
Index to Periodicals, 1920. Roy. 4to. F: Education 
and Child Welfare. Pp. 29. (London: Grafton and 
Co., 1923.) 4s. net.* 

Lvoff, Mark. The Engineer’s Pocket Technical Dic- 
tionary, French-English. Fecap. 8vo. Pp. 150. (London : 
E. and F. N. Spon, Ltd., 1923.) 3s. 6d. net. 

Magnus, Laurie. The Jubilee Book of the Girls’ 
Public Day School Trust, 1873-1923. Demy 8vo. Pp. 
x +204+4 plates. (Cambridge: At the University Press, 
1923.) 5s. net.* 

Palmer, Thomas F. A Technical Dictionary in 
English, Spanish and Portuguese. Demy 8vo. Pp. 73. 
(London : Marlborough and Co., 1923.) 7s. 6d. net. 

Savile Club. The Savile Club, 1868 to 1923. Roy. 
8vo. Pp. vii+206. (London: Privately printed for the 
Committee of the Club, 1923.)* 

Wignall, T. C., and Knox, G. D. Atoms. Cr. 8vo. 
Pp. 268. (London: Mills and Boon, Ltd., 1923.) 7s. 6d. 
net. 
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Recent Scientific and Technical Books. 


Volumes marked with an asterisk have been received at ‘‘ NATURE” Office. 


Mathematics 


Cornelissen, Christian. Les Hallucinations des 
Einsteiniens ou les erreurs de méthode chez les physiciens- 
mathématiciens. Gl. 8vo. Pp. xiii+86. (Paris: Albert 
Blanchard, 1923.) 3.75 francs.* 

Dickson, Leonard Eugene. Algebras and _ their 
Arithmetics. (University of Chicago Science Series.) 
Cr. 8vo. Pp. xii+241. (Chicago: University of Chicago 
Press; London: Cambridge University Press, 1923.) 
2.25 dollars.* 

Heffter, Lothar. Lehrbuch der analytischen Geo- 
metrie. Roy. 8vo. Band 2: Geometrie im Biindel und 
im Raum. Pp. xii+421. (Leipzig und Berlin: B. G. 
Teubner, 1923.) 9s. 5d.* 

McKay, Herbert. The Oxford Picture Arithmetics. 
Cr. 8vo. Pupils’ Books. Book 1. Pp. 32. Book 2. Pp. 
32. Teachers’ Books. Book 1. Pp. 64. Book2. Pp. 64. 
(London: Oxford University Press, 1923.) Pupils’ Books, 
paper, 4d. each, limp cloth, 6d. each; Teachers’ Books, 
Is. 6d. net each. 

Milne, John, and Robertson, John W. Algebra for 
Schools. (Bell’s Mathematical Series.) Cr. 8vo. Part 1. 
Pp. vii+173+xxxv. (London: G. Bell and Sons, Ltd., 
1923.) With Answers, 3s.; without Answers, 2s. 6d.* 

Milne, R. M. Mensuration and Elementary Solid 
Geometry for Schools. Demy 8vo. Pp. x+206. (Cam- 
bridge : At the University Press, 1923.) 8s. 6d. net. 

Nelson’s Arithmetic Practice. Large Cr. 8vo. Teachers’ 
Books. Part 1. Pp. 96. Part 2. Pp. 96. Pupils’ 
Books. Part 2. Pp. 48. Part 3. Pp. 48. (London: 
T. Nelson and Sons, Ltd., 1923.) Teachers’ Books, ts. 2d. 
each ; Pupils’ Books, tod. each. 

Nunn, T. Percy. Relativity and Gravitation: an 
Elementary Treatise upon Einstein’s Theory. Cr. 8vo. 
Pp. 162. (London: University of London Press, Ltd., 
1923.) Os. net.* 

Rice, J. Relativity: a Systematic Treatment of 
Einstein’s Theory. Demy 8vo. Pp. xvi+397. (London: 
Longmans, Green and Co., 1923.) 18s. net.* 

Sheppard, W. F. From Determinant to Tensor. 
Cr. 8vo. Pp.127. (Oxford: Clarendon Press ; London : 
Oxford University Press, 1923.) 8s. 6d. net.* 

Smail, Lloyd L. Elements of the Theory of Infinite 
Processes. Cr. 8vo. Pp. vii+339. (New York and 
London : McGraw-Hill Book Co., Inc., 1923.) 17s. 6d.* 

Southerns, L. An Outline of Relativity. Cr. 8vo. 
Pp. 47. (London: The Epworth Press, 1923.) Is. 6d. 
net.* 

Stuyvaert, M. Introduction a la méthodologie mathé- 
matique. Demy 8vo. Pp. 258. (Paris: Albert Blan- 
chard; Gand: Van Rysselberghe et Rombaut, 1923.) 
20 francs.* 

Thirring, H. L’Idée de la théorie de la relativité. 
Traduit de l’allemand par M. Solovine. (Collection 

“Science et Civilisation.’’) Imp. 16mo. Pp. vi+186. 
(Paris: Gauthier-Villars et Cie, 1923.) 8 francs.* 

Winternitz, Josef. Relativitatstheorie und Erkennt- 
nislehre. (Wissenschaft und Hypothese, Band 23.) Svo. 
Pp. viii+230. (Leipzig und Berlin : B. G. Teubner, 1923.) 
Grundzahl: 3.5 marks. 


Mechanics: Mechanical Engineering 


Adams, Henry. The Mechanics of Building Construc- 
tion. New edition. Demy 8vo. Pp. 251. (London: 
Longmans, Green and Co., 1923.) 10s. 6d. net. 

Aeronautical Research Committee: Reports and 
Memoranda. No. 811: Experiments on Rigid Airship 
R. 32. Part 1: Pressure on Upper Fin and Rudder. 
Is. gd. net. No. 813: Experiments on Rigid Airship 
R. 32. Part 3: Measurements of Resistance and Air- 
speed. 1s. 6d.net. No. 823: Description of Lift, Vertical 
Force and Drag Balances for the Roof of the Duplex 
Wind Tunnel. od. net. No. 827: Prediction of the 
Resistance of Rigid Airship R. 33. 1s. 3d. net. No. 828: 


Continuous Rotation Balance for the Measurement of 
Lp. at small rates of Roll. 4d. net. No. 832: Influence 
of Calcium and of Calcium plus Silicon on Aluminium. 
od. net. No. 835: Tests of Four Slotted Aerofoils. 9d. 
net. No. 838: Mechanics of the Wohler Rotating Bar 
Fatigue Test. 3d. net. No. 844: Direction and Velocity 
Meter for Use in Wind Tunnel Work, etc. 3d. net. 
No. 850: List of Reports and Memoranda published 
between October 1, 1921, and March 31, 1923. 1d. net 
No. 859: Lift and Drag of the Bristol Fighter, with Wings 
of Three Aspect Ratios. 2s. net. (London: H.M. 
Stationery Office, 1923.) 

Aeronautics. Report of the Aeronautical Research 
Committee for the Year 1922~23. Roy. 8vo. Pp. 48. 
(London : H.M. Stationery Office, 1923.) 2s. net.* 

Allcut, E. A., and Miller, E. Materials, and their 
Application to Engineering Design. Med. 8vo. Pp. xiii 
+519. (London: C. Griffin and Co., Ltd., 1923.) 
32s. net. 

Appell, P., et Chappuis, J. Lecons de mécanique 
élémentaire a l’usage des éléves des classes de mathé- 
matiques A et B. 3¢ édition, entiérement refondue. Cr. 
8vo. Pp. ix+ 416. (Paris: Gauthier-Villars et Cie, 
1923.) 12 francs. 

Aucamus, E. Chauffage, ventilation et fumisterie 
(Bibliothéque de I’Ingénieur des Travaux publics.) 2¢ 
édition entiérement revue et mise a jour par Auguste 
Moreau. GI. 8vo. Pp. x+ 382. (Paris: Libr. Dunod, 1923.) 

Biles, Sir John Harvard. The Design and Construc- 
tion of Ships. Med. 8vo. Vol. 1: Calculations and 
Strength. Third edition. Pp. 448. Vol. 2: Stability, 
Resistance, Propulsion and Oscillation of Ships. Second 
edition, revised. Pp. 428. (London: C. Griffin and Co., 
Ltd., 1923.) 30s. net each. 

Brown, Henry T. Cinq cent sept mouvements 
mécaniques, tous les plus importants dans la dynamique, 
Vhy draulique, l’hydrostatique, la pneumatique, les 
machines a vapeur, les moulins et autres machines, les 
presses, l’horlogerie et les machines diverses, ainsi que 
plusieurs mouvements inédits en usage depuis peu. 
Traduit de l’anglais par Henri Stévart. Nouveau tirage. 
4to. Pp. 122. (Paris: Gauthier-Villars et Cie, 1923.) 
10 francs. 

Daw, Albert W., and Daw, Zacharias W. Oil and 
Gas Engine Power: a Treatise on the Internal Combustion 
Engine for Engineers and Draughtsmen and for Students 
of Applied Science. Imp. 8vo. Pp. xxiii+ 468. (London, 
Bombay and Sydney: Constable and Co., Ltd., 1923.) 
45s. net. 

Draper, J. T. The Steel Square applied to Roof 
Construction. Cr. 8vo. Pp. 63. (London: Crosby Lock- 
wood and Son, 1923.) 2s. 6d. net. 

Fischer, H.C. Hermann. Mischen, Riihren, Kneten 
und die dazu verwendeten Maschinen. Zweite Auflage 
durchgesehen und erganzt von Alwin Nachtweh. Pp. 95. 
(Leipzig : Otto Spamer, 1923.) 

Fontviolant, Bertrand de. Résistance des matériaux 
analytique et graphique. (Grandes Encyclopédies in- 
dustrielles.) Roy. 8vo. Pp. 580. (Paris: J.-B. Bailliére 
et fils, 1923.) 45 francs. 

Féppl. Grundziige der Festigheitslehre. (Teubners 
technische Leitfaden, Band 17.) (Leipzig und Berlin: 
B. G. Teubner, 1923.) 12s. 

Fournier, Vice-amiral F.-E. Carénes de formes 
nuisibles, ou favorables a leurs grandes vitesses; et 
résistances de l’eau a leur translation. Demy 8vo. Pp. 
27. (Paris: Gauthier-Villars et Cie, 1923.) 3.50 francs.* 

Fraser, Edward S., and Jones, Ralph B. Motor 
Vehicles and their Engines. Second edition, revised and 
enlarged. Demy 8vo. Pp. 374. (London: Crosby Lock- 
wood and Son, 1923.) 16s. net. 

Gander, James S. Oil Fuel Burning at Sea and on 
Land. Med. 8vo. Pp. xi+356. (Glasgow: J. Munro 
and Co., Ltd., 1923.) 

Graffigny, H. Le Catéchisme de l’automobile a 
la portée de tous. Quatriéme édition. Cr. 8vo. Pp. 261. 
(Paris : Gauthier- Villars et Cie, 1923.) 7.50 francs. 
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Hamilton, Erwin H. Elementary Thermodynamics of 
Automobile Engines. Med. 8vo. Pp. xi+287. (New 
York and London: McGraw-Hill Book Co., Inc., 1923.) 15s.* 

Heck, Robert C. H. Mechanics of Machinery: 
Mechanism. Med. 8vo. Pp. viii+508. (New York and 
London : McGraw-Hill Book Co., Inc., 1923.) 25s.* 

Hudson, Clarence W., and Squire, Edward J. 
Elements of Graphic Statics. Cr. 8vo. Pp. viii+91. 
(London: McGraw-Hill Publishing Co., Ltd., 1923.) 6s. 3d.* 

Hiittig, Valerius. Heizungs- und Liiftungsanlagen in 
Fabriken mit besonderer Beriicksichtigung der Abwarme- 
verwertung bei Warmekraftmaschinen. Zweite erweiterte 
Auflage. Pp. 424+28 Tafeln. (Leipzig: Otto Spamer, 
1923.) 

La Cour, Arnold. Die Gleichstrommaschine: ihre 
Theorie, Untersuchung, Konstruktion, Berechnung und 
Arbeitsweise. 8vo. Band 1: Theorie und Untersuchung. 
Bearbeitet von J. L.LaCour. Dritte, vollstandig umgear- 
beitete Auflage. Pp. xii+728. (Berlin: Julius Springer, 
1923.) Grundzahl: 18 marks. 

Lamb, Horace. Dynamics. Second edition. Demy 
8vo. Pp. xi+351. (Cambridge: At the University 
Press, 1923.) 12s. 6d. net.* 

Lecerf, A. Manuel de l’automobiliste: Types, con- 
duite, entretien. (Bibliothéque professionnelle.) Pott 8vo. 
Pp. 428. (Paris: J.-B. Bailliére et fils, 1923.) 

Lévy-Salvador, Paul. MHydraulique agricole. Gl. 
8vo. Tome 2: Des Irrigations. 2¢ édition. Pp. 553 
+2 planches. 33 francs. Tome 3: Eaux _nuisibles. 
2¢édition. Pp. 404. 33 francs. (Paris: Libr. Dunod, 1923.) 

Litinsky, L. W4Armewirtschaftsfragen. Pp. 194. 
(Leipzig : Otto Spamer, 1923.) 3s. 9d. 

Liversidge, John G. Engine-room Practice. Ninth 
edition, revised. Cr. 8vo. Pp. 442. (London: C. 
Griffin and Co., Ltd., 1923.) 15s. net. 

Naylor, T. M., and Tattersall, W. A First Course 
in Machine Construction and Drawing. Demy 8vo. Pp. 
158. (London: H. F. and G. Witherby, 1923.) 6s. net.* 

Prescott, John. Mechanics of Particles and Rigid 
Bodies. Second edition. Demy 8vo. Pp. 543. (London: 
Longmans, Green and Co., 1923.) 14s. net. 

Sanders, T. H. Laminated Springs. Part A: Cal- 
culations and Design. Part B: Manufacture. Demy 
8vo. Pp. xvi+519. (London: Locomotive Publishing 
Co., 1923.) 25s. net. 

Seufert, Franz. Bau und Berechnung der Dampf- 
turbinen: eine kurze Einfiihrung. Zweite, verbesserte 
Auflage. 8vo. Pp. iv+85. (Berlin: Julius Springer, 
1923.) Grundzahl: 2.1 marks. 

Smith, William Griswold. Engineering Kinematics. 
Med. 8vo. Pp. x+282. (New York and Lendon: 
McGraw-Hill Book Co., Inc., 1923.) 15s.* 

Stanton, T. E. Friction. Demy 8vo. Pp. xiv +183. 
(London : Longmans, Green and Co., 1923.) 12s. 6d. net.* 

Stodola. Dampf- und Gasturbinen. Mit einem Anhang 
iiber die Aussichten der Warmekraftmaschinen. Fiinfte, 
umgearbeitete und erweiterte Auflage. 8vo. Pp. xiv+ 

1111+12 Tafeln. (Berlin: Julius Springer, 1923.) Grund- 
zahl: 52 marks. 

Svensen, Carl L. Machine Drawing. Second print- 
ing, corrected. Roy. 8vo. Pp. 222. (London: Scott, 
Greenwood and Son, 1923.) 12s. 6d. net. 

Toussaint, A., Margoulis, W., et Pris, R. Réper- 
toire d’aérodynamique expérimentale. Demy 8vc. Pp. 
160. (Paris: Payot et Cie, 1923.) 

Townsend, Col. Curtis McD. The Hydraulic 
Principles governing River and Harbor Construction. 
(Engineering Science Series.) Demy 8vo. Pp. x +189. 
(New York: The Macmillan Co.; London: Macmillan 
and Co., Ltd., 1922.) 12s. net.* 

Varinois, Maurice. Le Fraisage: la fraise, les 
machines a fraiser, les machines 4a tailler les engrenages, 
exemples de travaux de fraisage. Deuxiéme édition. 
Roy. 8vo. Pp. 784. (Paris: Libr. Dunod, 1923.) . 
78 francs. 

Ventou-Duclaux, L. Les Moteurs 4 deux temps: 
Moteurs 4 explosion et 4a combustion a essence et a 
carburants lourds destinés a l’automobilisme et a l’aviation. 
Troisiéme édition, revue et augmentée par G. Lienhard. 


Ex. Cr. 8vo. Pp. 234. (Paris: Libr. Dunod, 1923.) 
15 francs. 


Violet, L. Chemins de fer. 42¢ édition. Demy 16mo. 
Pp. Ixxxvii+ 339. (Paris: Libr. Dunod, 1923.) 9 francs. 

Weiss, Charles. Practical Railway Maintenance. 
Med. 8vo. Pp. xii+349. (London : McGraw-Hill Publish- 
ing Co., Ltd., 1923.) 17s. 6d.* 

White, Percival. Motor Transportation of Merchandise 
and Passengers. Med. 8vo. Pp. vii+486. (London: 
McGraw-Hill Publishing Co., Ltd., 1923.) 20s.* 

Wilson, F. Raynar. Railway-signalling : Mechanical. 
(Pitman’s Technical Primers.) Fcap. 8vo. Pp. 122. 
(London : Sir I. Pitman and Sons, Ltd., 1923.) 2s. 6d. net. 


Physics: Electrical Engineering 


Ballhatchet, A. V. Wireless Facts and Figures. 
Feap. 8vo. Pp. 52. (London: P. Marshall and Co., 
1923.) 6d. net. 

Bangay, R. D. Wireless Telephony: a Simplified 
Explanation. Cr. 8vo. Pp. 142. (London: The Wire- 
less Press, Ltd., 1923.) 2s. 6d. net. 

Barbillion, L. La Traction électrique a courant 
continu. (Bibliothéque de l’Ingénieur-Electricien.) 8vo. 
Pp. 376. (Paris: Libr. Albin-Michel, 1923.) 20 francs. 

Bolton, D. J. Electrical Measuring Instruments and 
Supply Meters. (Directly-Useful Technical Series.) Demy 
8vo. Pp. xvi+328. (London: Chapman and Hall, Ltd., 
1923.) 12s. 6d. net.* 

Broadcasting Committee, The. Report. (Cmd. 
1951.) Roy. 8vo. Pp. 46. (London: H.M. Stationery 
Office, 1923.) 9d. net.* 

Bunet, P. Les Transformateurs. Roy. 8vo. Pp. 632. 
(Paris: J.-B. Bailliére et fils, 1923.) 55 francs. 

Campbell, Norman R. Modern Electrical Theory. 
Supplementary Chapters. Chapter 17: The Structure of 
the Atom. (Cambridge Physical Series.) Demy 8vo. 
Pp. x+161. (Cambridge: At the University Press, 
1923.) Ios. net.* 

Elwell, C. F. The Poulsen Arc Generator. Demy 
8vo. Pp. 192. (London: Ernest Benn, Ltd., 1923.) 
18s. net.* 

Fajans, K. Radioactivity and the Latest Develop- 
ments in the Study of the Chemical Elements. Translated 
from the fourth German edition by T. S. Wheeler and 
W. G. King. Demy 8vo. Pp. xvi+138. (London: 
Methuen and Co., Ltd., 1923.) 8s. 6d. net.* 

Forestier, A. L’Energie rayonnante: Tableaux 
synoptiques de l’échelle des longueurs d’onde et des 
principales caractéristiques du rayonnement électro- 
magnétique, avec un résumé des théories actuelles. Imp. 
8vo. Pp. 63. (Paris: Albert Blanchard, 1923.) 14 
francs. * 

Haas, Arthur. The New Physics: Lectures for Lay- 
men and Others. Authorised Translation by Robert W. 
Lawson. Cr. 8vo. Pp. xi+165. (London: Methuen 
and Co., Ltd., 1923.) 6s. net.* 

Ladenburg, Rudolf. Die Grundlagen der Quanten- 
theorie und ihre experimentelle Priifung: nach einem 
am 16. Marz 1923 in der Gesellschaft fiir technische Physik 
in Berlin gehaltenen Vortrag. Demy 8vo. Pp. 45. 
(Leipzig: J. A. Barth, 1923.) Grundzahl: 0.8 mark.* 

Langevin, P. La Physique depuis vingt ans. (Ency- 
clopédie scientifique.) Cr.8vo. Pp. 455. (Paris: Gaston 
Doin, 1923.) 15 francs.* 

Larner, E. T. Radio and High Frequency Currents. 
(Lockwood’s Technical Manuals.) Cr. 8vo. Pp. viii+56. 
(London : Crosby Lockwood and Son, 1923.) 3s. 6d. net.* 

McEwen, BasilC. The Properties of Matter. Ex. Cr. 
8vo. Pp. vi+316. (London: Longmans, Green and Co., 
1923.) 10s. 6d. net.* 

McMillan, Walter G. A Treatise on Electro-metal- 
lurgy. Revised by W. R. Cooper. Fourth edition, 
revised and enlarged. Demy 8vo. Pp. 464. (London: 
C. Griffin and Co., Ltd., 1923.) 21s. net. 

Marchant, E. W. Radio Telegraphy and Telephony. 
Cr. 8vo. Pp. ix+137. (Liverpool: University Press of 
Liverpool, Ltd. ; London: Hodder and Stoughton, Ltd., 
1923.) 6s. net.* 

Nesper, Eugen. Der Radio-Amateur, ‘ Broadcast- 
ing’: ein Lehr- und Hilfsbuch fiir die Radio-Amateure 
aller Lander. Pp. xx + 368+ 40 Anzeigenseiten. (Berlin : 
Julius Springer, 1923.) Grundzahl: 11 marks. 
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Painton, E. T. Small Electric Motors, D.C. and A.C. 
(Pitman’s Technical Primers.) Fcap. 8vo. Pp. 131. 
(London: Sir I. Pitman and Sons., Ltd., 1923.) 2s. 6d. net. 

Planck, Max. Vorlesungen iiber die Theorie der 


Warmestrahlung. Fiinfte, abermals umgearbeitete Auf- 
lage. Med. 8vo. Pp. x+221. (Leipzig: J. A. Barth, 
1923.) Grundzahl: 7 marks.* 


Russell, Bertrand. The A BC of Atoms. Cr. 8vo. 
Pp. 175. (London: Kegan Paul and Co., Ltd.; New 
York: E. P. Dutton and Co., 1923.) 4s. 6d. net.* 

Schild, Ewald. Das Mikroskop: Bau, Wirkungsweise, 
Handhabung und Pflege: eine Anleitung fiir Anfanger 
im Mikroskopieren. Pp. 48. (Berlin: S, Karger, 1923.) 
Grundzahl: 1 mark. 

Tyers, Paul D. Successful Wireless Reception. Cr. 8vo. 
Pp. 87. (London: P. Marshall and Co., 1923.) 1s. 6d. net. 

Whetham, William C. D. The Theory of Experi- 
mental Electricity. (Cambridge Physical Series.) Third 
edition. Demy 8vo. Pp. xi+349. (Cambridge: At the 
University Press, 1923.) 12s. 6d. net.* 

Willows, R. S. A Text-Book of Physics. 
edition. Cr. 8vo. Pp. viii+48 +488. 
Arnold and Co., 1923.) 9s. net.* 


Third 
(London: E. 


Chemistry: Chemical Industry 


Arrhénius, Svante. Conférences sur quelques pro- 
blémes actuels de la chimie physique et cosmique faites 
a l’université de Paris en avril et mai 1922. Post 8vo. 
Pp. vit+121. (Paris: Gauthier-Villars et Cie, 1923.) 
ro francs.* 

Been, Pauline G. Chemistry applied to Home and 
Community. 8vo. Pp. 534. (Philadelphia and London : 
J. B. Lippincott Co., 1923.) 15s. net. 

Benrath, Alfred. Physikalische Chemie. Pp. viii + 107. 
(Dresden und Leipzig: Theodor Steinkopff, 1923.) 2s. 

Bredig, Georg. Denkmethoden der Chemie. Pp. 54. 
(Leipzig: J. A. Barth, 1923.) Grundzahl: 1.2 marks. 

Cottrell, Ajlin. The Manufacture of Nitric Acid and 
Nitrates. (The Manufacture of Acids and Alkalis, by 
George Lunge. Completely revised and rewritten under 


the editorship of Alexander Charles Cumming. Vol. 6.) 
Med. 8vo. Pp. xv+454. (London and Edinburgh: 
Gurney and Jackson, 1923.) 36s. net.* 

Davidson, W. B. Gas Manufacture. Demy §8vo. 


Pp. viii + 464. 
21s. net.* 

Ehrsam, R. La Fabrication des savons industriels : 
Emulsions pour l’ensimage et huiles solubles. 2¢ édition 
complétement remaniée. Roy. 8vo. Pp. iv +305. (Paris: 
Libr. Dunod, 1923.) 27 francs. 

Faraday Society. Alloys resistant to Corrosion: a 
General Discussion held jointly by the Faraday Society 
and the Sheffield section of the Institute of Metals, April 
1923. Roy. 8vo. Pp. 153-230. (London: The Faraday 
Society, 1923.) 5s. 6d. net.* 

Graetz, Leo. Recent Developments in Atomic Theory. 
Translated by Guy Barr. Demy 8vo. Pp. xi+174. 
(London: Methuen and Co., Ltd., 1923.) 9s. net.* 

Kling, A. Méthodes actuelles d’expertises employées 
au laboratoire municipal de Paris et documents sur les 
matiéres relatives a l’alimentation. Roy. 8vo. Tome 6: 
Etamage, jouets, matiéres colorantes, antiseptiques et 
édulcorants, essais d’antiseptiques, toxicologie des aliments. 
Pp. 204. (Paris: Libr. Dunod, 1923.) 18 francs. 

Kolthoff, I. M. Der Gebrauch von Farbenindicatoren : 
ihre Anwendung in der Neutralisationanalyse und bei der 
colorimetrischen Bestimmung der Wasserstoffionenkonzen- 
tration. Zweite, verbesserte Auflage. Ex. Cr. 8vo. Pp. 
ix+220. (Berlin: Julius Springer, 1923.) 10s. 7d.* 

Lamborn, Leebert Lloyd. La Fabrication moderne 
des savons, bougies, glycérines: manuel pratique des 
méthodes modernes d’utilisation des graisses et des huiles 
pour la fabrication des savons et des bougies et pour la 
récupération de la glycérine. Traduit de la seconde 
édition américaine par Maurice Appert. Roy. 8vo. Pp. 
xiv +678. (Paris: Libr. Dunod, 1923.) 52 francs. 


(London: Longmans, Green and Co., 1923.) 


Léwenthal, Richard. Handbuch der Farberei der 
Spinnfasern. 
Pp. x + 866. 


Dritte neu bearbeitete Auflage. Band 2. 
(Berlin: W. und S. Léwenthal, 1923.) 


| Thomas H. Pope. 


Molinari, Ettore. Treatise on General and Industrial 
Organic Chemistry. Second English edition. Translated 
from the third enlarged and revised Italian edition by 
Roy. 8vo. Part2. Pp. vill + 457-897. 
(London: J. and A. Churchill, 1923.) 30s. net.* 

Peters, Fredus' N. A Textbook of Chemistry for 
Nurses. Second edition. Cr. 8vo. Pp. 302. (London: 
Henry Kimpton, 1923.) 12s. 6d. net.* 

Phillips, Thomas Guthrie. Fundamentals of Organic 
and Biological Chemistry. Demy 8vo. Pp. xi+ 260. 
(London and New York: D. Appleton and Co., 1923.) 
8s. 6d. net. 

Riesenfeld, E.H. Anorganisch-chemisches Praktikum : 
Qualitative Analyse und anorganische Praparate. Fiinfte 
Auflage. Pp. xviii+366. (Leipzig: S. Hirzel, 1923.) 
Grundzahl . 5 marks. 


Technology 


Anderson, Paul L. Pictorial Photography: its 
Principles and Practice. Second edition revised. Demy 
8vo. Pp. 312. (Philadelphia and London: J. B. 
Lippincott Co., 1923.) 12s. 6d. net. 

Bayley, R. Child. Photography Made Easy. 
edition, revised. Cr. 8vo. Pp. 268. 
Sons, Ltd., 1923.) 2s. 6d. net. 

Department of Scientific and Industrial Research. 
Deterioration of Structures of Timber, Metal and Concrete 
exposed to the Action of Sea-water: Third (Interim) 
Report of the Committee of the Institution of Civil 
Engineers. Edited by P. M. Crosthwaite and Gilbert R. 
Redgrave. Roy.8vo. Pp. vi+79+12 plates. (London: 
H.M. Stationery Office, 1923.) 3s. net.* 

Harbord, F. W., and Hall, J. W. The Metallurgy 
of Steel. Seventh edition, revised. Med. 8vo. Vol. 2: 
Mechanical Treatment, by J. W. Hall. Pp. 567. (London: 
C. Griffin and Co., Ltd., 1923.) 32s. net. 

Jamin, R. La Pratique des abaques. 
Pp. viiit+t126. (Paris: Libr. 
francs. 

McCaslin, Herbert J. 


Second 
(London : Iliffe and 


Imp. 8vo. 
Dunod, 1923.) 19.50 


Wood Pattern-making: a 
Textbook. Cr. 8vo. Pp. xx+296. (New York and 
London : McGraw-Hill Book Co., Inc., 1923.) 11s. 3d.* 

Magnel, G. Pratique du calcul du béton armé. 
Roy. 8vo. Premiére partie. Pp.160. (Paris: Gauthier- 
Villars et Cie, 1923.) 30 francs. 

Morrison, F. T. School Metal Work for Primary 
Classes (Book for Pupils). Demy 8vo. Pp. 48. (London: 
Longmans, Green and Co., 1923.) 2s. net. 

Morrison, F.T. Metal Work for Agricultural Colleges 
and Secondary Schools (Book for Students and Pupils) : 
including Vice Work, Forge Work and Lathe Work, 
Construction of Simple Electrical Working Apparatus, 
Methods and Principles of Simple Reinforced Concrete. 
Demy 8vo. Pp. 96. (London: Longmans, Green and 
Co., 1923.) 2s. 6d. net. 

Petitpas, J. L’Usinage du bois. Roy. 8vo. Pp. 
xviii +236. (Paris: Libr. Dunod, 1923.) 18 francs. 

Roberts-Austen, Sir W. C. An Introduction to the 
Study of Metallurgy. Seventh edition, by F. W. Harbord. 
8vo. Pp. 478. (London: C. Griffin and Co., Ltd., 1923.) 
21s. net. 

Taggart, W. Scott. Cotton Mill Management: a 
Practical Guide for Managers, Carders and Overlookers. 
Cr. 8vo. Pp. xxx+268. (London: Macmillan and Co, 
Ltd., 1923.) 10s. net. 

Trinks, W. Industrial Furnaces. Med. 8vo. Vol. 1. 
Pp. vii+319. (New York: J. Wiley and Sons, Inc. ; 
London: Chapman and Hall, Ltd., 1923.) 22s. 6d. net. 


Astronomy 

Johnson, Gaylord. The Star People. Cr. 8vo. Pp. 

xi+107. (London: Methuen and Co., Ltd., 1923.) 
4s. 6d. net.* 


Maunder, Annie S. D., and Maunder, E. Walker. 
The Heavens and their Story. Imp. 16mo. Pp. 357. 
(London : The Epworth Press, 1923.) 4s. net.* 
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Nordmann, Charles. The Kingdom of the Heavens : 
Some Star Secrets. Translated by E. E. Fournier d’Albe. 
Demy 8vo. Pp. 262. (London: T. Fisher Unwin, Ltd., 

923.) I2s. 6d. net.* 

Phillips, T. E.R., Edited by. Hutchinson’s Splendour 
of the Heavens: a Popular Authoritative Astronomy. 
Demy 4to. Part 9. Pp. 329-368. Part 10. Pp. 369- 
408. (London: Hutchinson and Co., 1923.) Is. 3d. net 
each part.* 

Rambaut, Arthur A., Under the Direction of. Deter- 
minations of Stellar Parallaxes from Photographs taken 
with the 24-inch Refractor of the Radcliffe Observatory, 
Oxford. Vol. 53. Pp. xli+1og. (London: Oxford 
University Press, 1923.) * 

Schiller, Karl. Einfiihrung in das Studium der 
veranderlichen Sterne. Med. 8vo. Pp. viii+383. (Leip- 
zig: J. A. Barth, 1923.) Grundzahl: 14 marks.* 


Meteorology : Geophysics 


Air Ministry: Meteorological Office. The Book of 
Normals of Meteorological Elements for the British Isles 
for Periods ending 1915. Roy. 8vo. Section IVa: The 
Range of Variation of Temperature and Rainfall. Section 
IVb: Frequency Tables for Hail, Thunder, Snow, Snow 
lying, and Ground Frost. (M.O. 236, Section IV.) 3 
151-220. (London: H.M. Stationery Office, 1923.) 
“3s. 6d. net.* 

Air Ministry: Meteorological Office. Particulars of 
Meteorological Reports issued by Wireless Telegraphy in 
Great Britain and the Countries of Europe and North 
Africa. (M.O. 252.) Roy. 8vo. Pp. 84. (London: 
H.M. Stationery Office, 1923.) 2s. 6d. net.* 

Huntington, Ellsworth. Earth and Sun: an 
Hypothesis of Weather and Sunspots. With a Chapter 
by H. Helm Clayton. Med. 8vo. Pp. xxv+296. (New 
Haven: Yale University Press; London: Oxford 
University Press, 1923.) 23s. net.* 

Maurain, Ch. Physique du globe. (Collection Armand 
Colin.) Gl. 8vo. Pp. 204. (Paris: Armand Colin, 1923.) 
5 francs. 


Geology: Mineralogy 


Australasian Antarctic Expedition, 1911-14. Scien- 
tific Reports: Series A. Roy. 4to. Vol. 3: Geology. 
Part 3: The Dolerites of King George Land and Adelie 
Land. By W. R. Browne. Pp. 245-258+2 plates. 
(Sydney: Alfred J. Kent, 1923.) 1s. 6d.* 

Australasian Antarctic Expedition, 1911-14. Scien- 
tific Reports: Series A. Roy. 4to. Vol. 3: Geology. 
Part 4: Amphibolites and related —— from the Moraines, 
Cape Denison, Adelie Land. By F. L. Stillwell. Pp. 
259-280+2 plates. (Sydney: Alfred J. Kent, 1923.) 2s.* 

Buckman, S. S. Type Ammonites. Sup. Roy. 8vo. 
Vol. 4. Pp. 68+197 plates. (London: Wheldon and 
Wesley, Ltd., 1923.) 120s.* 

Davies, A. Morley. Local Geology: a Guide to 
Sources of Information. Demy 8vo. Pp. 16. (London: 
T. Murby and Co., 1923.) Is. net.* 

Geological Survey, Memoirs of the. Special Reports 
on the Mineral Resources of Great Britain. Roy. 8vo. 
Vol. 27: Copper Ores of Cornwall and Devon. By Henry 
Dewey. Pp. iv+76+4 plates. (Southampton: Ord- 
nance Survey Office; London: E. Stanford, Ltd., 1923.) 
2s. 6d. net.* 

Geological Survey of Great Britain, Memoirs of the. 
Palaeontology. Roy. 4to. Vol. 2, Part 3: Fossil Plants 
of the Carboniferous Rocks of Great Britain. By Robert 
Kidston. Pp. 199-274+plates 48-68. (Southampton : 
Ordnance Survey Office; London: E. Stanford, Ltd., 
1923.) 12s. 6d. net.* 

Geological Survey: England and Wales, Memoirs 
of the. The Concealed Mesozoic Rocks in Kent. By 
G. W. Lamplugh, F. L. Kitchin, and J. Pringle. Roy. 
8vo. Pp. iv +248 +2 plates. (Southampton : Ordnance 
Survey Office; London: E. Stanford, Ltd., 1923.) 
7s. 6d. net.* 

Hallowes, K. A. Knight. Poems of Science: Pages of 
Indian Earth History. Gl. 8vo. Pp. xi+4o0. (London: 
Erskine Macdonald, Ltd., 1923.) * 


Imperial Mineral Resources Bureau. Mineral 
Industry of the British Empire and Foreign Countries : 
Statistics, 1919-21. Gold. ts. 6d. net. Silver. ts. 6d. 
net. (London: H.M. Stationery Office, 1923.) 

Imperial Mineral Resources Bureau. Mineral 
Industry of the British Empire and Foreign Countries : 
War Period, 1913-19. Gypsum. o9d.net. (London: 
H.M. Stationery Office, 1923.) 

Mainka, Carl. Physik der Erdbebenwellen: Zu- 
sammenfassung der Arbeitswege und deren Ergebnisse. 
(Sammlung geophysikalischer Schriften, Nr. 1.) Sup. 
Roy. 8vo. Pp. viii+156. (Berlin: Gebriider Born- 
traeger, 1923.) 9s.* 

Rastall, R. H. The Geology of the Metalliferous 
Deposits. (Cambridge Geological Series.) Demy 8vo. 
Pp. xii+508. (Cambridge: At the University Press, 
1923.) 21s. net.* 

Rumbold, W. G. Nickel Ores. (Imperial Institute 
Monographs on Mineral Resources with Special Reference 
to the British Empire.) Demy 8vo. Pp. ix+81. (Lon- 
don: John Murray, 1923.) 5s. net.* 

Spielmann, Percy Edwin. The Genesis of Petroleum. 
8vo. iv+72. (London: Ernest Benn, Ltd., 

923.) 5s. ne 

Willis, Bailey. Geologic Structures. Med. 8vo. Pp. 
xi+295. (New York and London: McGraw-Hill Book 
Co., Inc., 1923.) 17s. 6d.* 


Geography: Travel 


Barns, T. Alexander. Across the Great Craterland 
to the Congo: a Sequel to ‘‘ The Wonderland of the 
Eastern Congo.’’ Describing a Journey of Exploration 
and Research to the Land of the Giant Craters in Tangan- 
yika Territory, and to the Forests, Lakes, and Volcanoes 
of the South-Eastern Congo; with some Account of the 
African Apes, and the Capture and Training of the African 
Elephant. Med. 8vo. Pp. 276+ 64 plates + 2 maps. 
(London: Ernest Benn, Ltd., 1923.) 25s. net.* 

Bradley, A. G. Highways and Byways in North 
Wales. (Highways and Byways Series.) Pocket edition. 
Feap. 8vo. Pp. xv+474. (London: Macmillan and Co., 
Ltd., 1923.) Cloth, 6s. net; leather, 7s. 6d. net. 

Brown, R. N. Rudmose. A Naturalist at the Poles: 
the Life, Work and Voyages of Dr. W. S. Bruce, the 
Polar Explorer. With five chapters by W. G. Burn 
Murdoch. Demy 8vo. 316+25 plates+3 maps. 
(London : Seeley, Service and Co., Ltd., 1923.) 25s. net.* 

Bryson, E. L., and Cameron, K. A. The World’s 
Storehouses. (Life and Progress of the World.) Large 
Cr. 8vo. Pp. 160. (London and Edinburgh : McDougall’s 
Educational Co., Ltd., 1923.) 2s. 2d. 

Buchan, John. The Last Secrets: the First Mysteries 
of Exploration. 4to. Pp. 303. (London: T. Nelson 
and Sons., Ltd., 1923.) 5s. net. 

Bygott, John. Eastern England: some Aspects of 
its Geography with Special Reference to Economic 
Significance. Cr. 8vo. Pp. xv +358. (London: G. 
Routledge and Sons, Ltd., 1923.) 6s. net.* 

Chambers’s Twentieth Century Geography Readers. 
Cr. 8vo. Book6: Britain beyond the Seas; a Descrip- 
tive Account of the British Colonies and Dependencies. 
Revised edition. Pp. 288. (London and Edinburgh: 
W. and R. Chambers, Ltd., 1923.) 2s. 9d. 

Chauvelot, Robert. Le Japon souriant: ses samou- 
rais, ses bonzes, ses geishas. 8vo. Pp. xvi+224. (Paris: 
Libr. Berger-Levrault, 1923.) 

Dana, Lanice Paton. Arab-Asia: a Geography of 
Syria, Palestine, Irak, and Arabia. Med. 4to. Pp. xi+ 
168. (Beirut, Syria: American Press, 1923.) 6s. net. 

Doughty, Charles M. Wanderings in Arabia. The 
authorised abridged edition of ‘‘ Travels in Arabia 
Deserta.”” In 2 vols.. Roy. 8vo. Vol. 1. Pp. xii +309. 
Vol. 2. Pp. x+297. (London:- Duckworth and Co., 
1923.) 20s. net. 

Dutt, William A. Highways and Byways in East 
Anglia. (Highways and Byways Series.) Pocket edition. 
Feap. 8vo. Pp. xv+412. (London: Macmillan and Co., 
Ltd., 1923.) Cloth, 6s. net; leather, 7s. 6d. net. 
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1 Finch, Robert J. Geography and the Blackboard. Burlinghame, Leonas L., Heath, Harold, Martin, 
: (The Kingsway Series.) Cr. 4to. Pp. 103. (London: | Ernest G., and Peirce, George J. General Biology. 
1. Evan Bros., Ltd., 1923.) 4s. 6d. net. Med. 8vo. Pp. xxix +568. (London: Jonathan Cape, 
Hall, Trowbridge. Spain in Silhouette. Cr. 8vo. | 1923.) 21s. net. 
1 Pp. ix +351 +32 plates. (New York: The Macmillan Co. ; Cameron, Allan Gordon. The Wild Deer of Scotland: 
: London: Macmillan and Co., Ltd., 1923.) 14s. net. Notes from an Island Forest on Deer, Deer Stalking, and 
Herbert, Agnes, Described by. Northumberland. | Deer Forests in the Scottish Highlands. Cr. 8vo. Pp. 
Painted by A. Heaton Cooper. Demy 8vo. Pp. viii + a ak be (London: W. Blackwood and Sons, 1923.) 
1- 238. (London: A. andC. Black, Ltd., 1923.) 7s. 6d. net. . 6d. net. 
>. Herdman, Sir William A. Founders of Oceanography " Bakes, J. Henri. The Life of the Scorpion. Trans- 
>. and their Work: an Introduction to the Science of the | lated by Alexander Teixeira de Mattos and Bernard Miall. 
Pp. +340 plates. (London: | Cr. 8vo. Pp.v +344. (London~ Hodder and Stoughton, 
Arnold and Co., 1923.) 21s. net.” Ltd., 1923.) 8s. 6d. net.* 
1s Holt, Alfred, Edited by. Merseyside: a Handbook Finn, Frank. Wildfowl of the World. Cr. 8vo. Pp. 
>. to Liverpool and District. 18mo. Pp. 339. (London: | 183. (London: Hutchinson and Co., 1923.) 4s. 6d. net. 
S, Hodder and Stoughton, Ltd., 1923.) 3s. 6d. net. Fishery Board for Scotland. Scientific Investiga- 
Howarth, O. J. R. A Junior Economic Geography. | tions, 1923. No. 1: Aberdeen Fishery Statistics, 1917- 
ws Thompson. Roy. 8vo. Pp. 57. (Edinburgh and London : 
1- Langenbeck, R. Physische Erdkunde. Fcap. 8vo. M. Stati 
Teil 2: Die Lufthiille und Wasserhiille der Erde. (Samm- ned 
1. lung Géschen, Nr. 870.) Pp. 136. (Berlin und Leipzig: | No Biol 
W. de Gruyter und Co., 1923.) 1 gold mark.* 
, Loti, Pierre, et Viaud, Samuel. Suprémes visions with Special Reference to the Validity and Utilisation 
d’Ori ‘Sen of the Scale Theory. 1: Preliminary Report. By 
(Paris« Libr Lévy 1923.) Harold Thompson. Roy. 8vo. Pp. ii+78+3 plates. 
Edinburgh and London: H.M. Stationery Office, 1923.) 
Marr, Scout, of the Quest Expedition. Into the bs net.* 
+246. (London: | Gatty, Mrs. Alfred. Parables from Nature. Ex. Cr. 
Maurette, F. Pour comprendre les paysages de la (London: Religious Tract 
France: Notions pratiques de géographie a l’usage des Golding, Merry. Edite 
y, Edited by. The Wonder Book of 
aa Svo. Fp. xii+260. (Paris: Hachette et Cie, Nature: for Boys and Girls. Roy. 8vo. Pp. 256. 
Morley, F. V. Travels in East Anglia. Ex. Cr. 8vo. Lock and net. 
a Pp. xii+254. (London: Methuen and Co., Ltd., 1923.) entschel, rnst. Grundzige der Hydrobiologie. 
xd 7s. 6d. net. a (Jena: Gustav Fischer, 1923.) Grundzahl: 
Blue Herbert, Agnes. The Life Story of a Lion. Reissue. 
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Tregarthen, J. C. The Story of a Hare. Third 
impression. Demy 8vo. Pp.196. (London: John Murray, 
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Walker, Kenneth M., and Boumphrey, Geoffrey M. 
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man and Dodd, Ltd., 1923.) 3s. 6d. net.* 
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Westell, W. Percival. British Insects (General). 
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112+2 plates. (London: Chapman and Dodd, Ltd., 
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Bewley, W. F. Diseases of Glasshouse Plants. Med. 
8vo. Pp. 208 +16 plates. 
1923.) 12s. 6d. net.* 

Fryer, Percival J. Successful Spraying and How to 
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Gebriider Borntraeger, 1923.) 4s. 3d.* 

Nuttall, G. Clarke. Trees, and How they Grow. 
Pott 4to. Pp. xi+184. (London: Cassell and Co., Ltd., 
1923.) 7s. 6d. net. 
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Reference to Fresh-water and Terrestrial Forms of the 
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Pp. vili+63. (Chicago: University of Chicago Press ; 
London : Cambridge University Press, 1923.) * 
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Vialleton, L. Morphologie générale. 
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Gibson, Alfred. My Poultry Day by Day. Second 
edition. Demy 8vo. Pp. 331. (London: Grant Richards, 
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Leppan, H. D., and Bosman, G. J. Field Crops in 
South Africa. Pp. ix+358. (Johannesburg: Central 
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Quintus, R. A. The Cultivation of Sugar Cane in 
Java: an Elementary Treatise on the Agriculture of the 
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38 plates. (London: Norman Rodger, 1923.) 12s. net.* 

Roberts, H. Armstrong. Commercial Poultry Rais- 
ing. Demy 8vo. Pp. 607. (London: Chapman and 
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Sager, J. L. Studies in Soil Acidity : the Importance 
of the Light Factor. Demy 8vo. Pp. 16. (Cambridge: 
At the University Press, 1923.) * 
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(Practical Science for Schools Series.) Cr. 8vo. Pp. 
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Spillman, W. J. Farm Management. 
Pp. 500. (New York: Orange Judd Publishing Co., Inc., 
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Utermark, W.L. De economische beteekenis van het 
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Abderhalden, Emil, Herausgegeben von. 
buch der biologischen Arbeitsmethoden. Sup. Roy. 8vo. 
Lieferung 1tog. Abt. 5: Methoden zum Studium der 
Funktionen der einzelnen Organe des tierischen Organis- 
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Physiologie. Pp. 313-478. (Berlin und Wien: Urban 
und Schwarzenberg, 1923.) -6s.* 

Goldschmidt, Richard. The Mechanism and Physi- 
ology of Sex Determination. Translated by William J. 
Dakin. Roy. 8vo. Pp. ix+259. (London: Methuen 
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Gray, Henry. Anatomy: Descriptive and Applied. 
Twenty-second edition, edited by Robert Howden ; Notes 
on Applied Anatomy revised by John Clay and James 
Dunlop Lickley. Sup. Roy. 8vo. Pp. xvi+1378. (London: 
Longmans, Green: and Co., 1923.) 42s. net. 

Harrow, Benjamin. What to Eat in Health and 
Disease. Cr. 8vo. Pp. ix+203+8 plates. (London: 
G. Routledge and Sons, Ltd., 1923.) 8s. 6d. net.* 

Starling, E. H. The Action of Alcohol on Man. 
With Essays on 1: Alcohol as a Medicine, by Robert 
Hutchinson; 2: Alcohol and its Relations to Problems 
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Med. 8vo. Pp. 132+35 plates. (London: Jonathan 
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Frazer, Sir James G. Folk-lore in the Old Testa- 
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Melland, Frank H. In Witch-bound Africa: an 
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Demy 8vo. Pp. 316+24 plates. (London: Seeley, 
Service and Ca., Ltd., 1923.) 21s. net.* 

Perry, W. J. The Origin of Magic and Religion. 
Cr. 8vo. Pp.ix+212. (London: Methuen and Co., Ltd., 
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Petrie, Sir W. M. Flinders. 
Egypt (1881-1891). Cr. 8vo. Pp. 192. 
Religious Tract Society, 1923.) 3s. net. 

Van Loon, Hendrik Willem. Ancient Man: the 
Beginning of Civilizations. Gl. 8vo. Pp. iv +208. 
(London, Calcutta and Sydney: G. G. Harrap and Co., 
Ltd., 1923.) 2s. 6d. 

Villiers, Melius de. The Numeral-Words: their 
Origin, Meaning, History and Lesson. Cr. 8vo. Pp. 
124. (London: H. F. and G. Witherby; Cape Town, 
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1923.) 4s. 6d. net.* 
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ii+184. (London: Williams and Norgate, 1923.) 15s. 
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Bartlett, F. C. Psychology and Primitive Culture. 
Cr. 8vo. Pp. x+294. (Cambridge: At the University 
Press, 1923.) 8s. 6d. net.* 


Boyle, John D. Reactionism: 
Med. 8vo. Pp. x+232. (London: 
1923.) 9s. net. 

Herbert, S. The Unconscious 
Analytical Survey. Cr. 8vo. 
A. and C. Black, Ltd., 1923.) 6s. net.* 

Jones, Ernest. Essays in Applied Psycho-Analysis. 
(International Psycho-Analytical Library, No. 5.) Med. 
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Ltd.; Vienna: International Psycho-Analytical Press, 
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Keyser, Cassius J. Mathematical 
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Laymen. Ex. Cr. 8vo. Pp. 
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Demy 8vo. Pp. 176. 
10s. 6d. net. 

Lothian, Alexander J. D. 
for Educators. Cr. 8vo. 


the Science for You. 
G. P. Putnam's Sons, 


Mind : 


a Psycho- 
Pp. vii +230. 


(London : 


Philosophy, a 
Lectures for Educated 
xv +406. (New York: 
4-70 dollars.* 

Fantasia of the Unconscious. 
(London: Martin Secker, 1923.) 


An Outline of Psychology : 
Pp. xi+ 200. (London: G. Bell 
and Sons, Ltd., 1923.) 5s. net. 

McKerrow, James Clark. Aberrations of Life: a 
Sequel to “The Appearance of Mind.’’ Cr. 8vo. Pp. 
viii+107. (London: Longmans, Green and Co., 1923.) 
6s. net.* 

Nasgaard, Sigurd. Die Form der Bewusstheit. 
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Peirce, Charles S., the late. Chance, Love and 
Logic: Philosophical Essays. Edited with an Introduc- 
tion by Morris R. Cohen; with a Supplementary Essay 
on the Pragmatism of Peirce by John Dewey. (Inter- 
national Library of Psychology, Philosophy and Scientific 
Method.) Demy 8vo. Pp. xxxiii +318. (London: Kegan 
Pauland Co., Ltd.; New York: Harcourt, Brace and Co., 
Inc., 1923.) 12s. 6d. net.* 

Sands, Irving J., and Blanchard, Phyllis. Ab- 
normal Behavior, Pitfalls of our Minds: an Introduction 
to the Study of Abnormal and Anti-Social Behavior. 
Demy 8vo. Pp. ix+482. (London: G. Routledge and 
Sons, Ltd., 1923.) 16s. net.* ; 

Strong, Charles Augustus. A Theory of Know- 
ledge. Ex.Cr.8vo. Pp. xii+103. (London, Bombay and 
Sydney : Constable and Co., Ltd., 1923.) 6s. net.* © 

Towner, R. H. The Philosophy of Civilisation. 
2 vols. Demy 8vo. Vol. 1. Pp. 299. Vol. 2. Pp. 343. 
(London: G. P. Putnam’s Sons, Ltd., 1923.) 22s. 6d. net. 

Turner, Julia. The Dream on the Anxiety Hypo- 
thesis. Cr. 8vo. Pp.iv+77. (London: Kegan Paul and 
Co., Ltd., 1923.) 2s. net.* 
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Medicine: Surgery 


Banerji, Pareshnath. Therapeutics of Snake Poison- 
ings. Newedition. Gl.8vo. Pp.47. (Calcutta: Indian 
Daily News Press, 1923.) 2s. net. 

Bennett, R. Allan. WHodgkin’s Disease. Cr. 8vo. 
Pp. 56. (Bristol: J. Wright and Sons, Ltd.; London: 
Simpkin, Marshall and Co., Ltd., 1923.) 2s. net. 

Bory, Louis. La Syphilis aux points de vue physique 
et psychologique, prophylaxie et guérison. Pott 8vo. 
Pp. 270. (Paris: Félix Alcan, 1923.) 10 francs. 

Brichambault, Perrin de, et Behague, P. Les 
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Burrows, Harold. A Manual for Nurses on Abdominal 
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Chauvois, Dr. Les Désanglés du ventre; maladies 
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167. (Paris: A. Maloine et fils, 1923.) 

Clarke, J. Jackson. Protists and Disease: Vegetable 
Protists; Alge and Fungi, including Chytridiinee ; 
Various Plassomyxinez, the Causes of Molluscum Con- 
tagiosum, Smallpox, Syphilis, Cancer, and Hydrophobia : 
together with the Mycetozoa and Allied Groups. Fcap. 
4to. Pp. xi+229. (London: Bailliére, Tindall and 
Cox, 1922.) 15s. net.* 
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Croner, Wilhelm, Herausgegeben von. Die Therapie 
an der Berliner Universitats-Kliniken. Achte Auflage. 
Cr. 8vo. Pp. vi+698. (Berlin und Wien: Urban und 
Schwarzenberg, 1923.) 

Darling, H. C. Rutherford. Surgical Nursing and 
After-Treatment. Second edition. Pp. 566. (London: 
J. and A. Churchill, 1923.) 8s. 6d. net. 

Deaver, John B., and Reimann, S. P. Surgical 
Excursions. 8vo. Pp. 190. (Philadelphia and London : 
W. B. Saunders Co., Ltd., 1923.) 21s. net. 

Dessauer, Fr. Dosierung und Wesen der Réntgen- 
strahlenwirkung in der Tiefentherapie vom physikalischen 
Standpunkt. 8vo. Pp. 69. (Dresden und Leipzig: 
‘Theodor Stenkopff, 1923.) 

Elsner, Henry L. Prognosis of Internal Diseases. 
Pp. 1276. (London and New York: D. Appleton and 
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Evans, Willmott H. The Diseases of the Breast. 
Demy 8vo. Pp. xii+495+102 plates. (London: The 
University of London Press, Ltd., 1923.) 27s. 6d. net.* 

Frangon, F., et Hutinel, J. Les Hépatites ami- 
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8vo. Pp. 130. (Paris: Gauthier-Villars et Cie, 1923.) 
1o francs. 

Fussell, M. Howard. Differential Diagnosis of 
Internal Diseases. Pp. 880. (London and New York: 
D. Appleton and Co., 1923.) 35s. 

Gehring, John George. The Hope of the Variant. 
Demy 8vo. Pp. 252. (London and New York: C. 
Scribner’s Sons, 1923.) 10s. 6d. net. 

Green, John, and Ewing, A. E. Optotypes: Con- 
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Guisez, Jean. Diagnostic et traitement des retré- 
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Hirschfeld, R. M. Lewandowskys Praktische Neuro- 
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Springer, 1923.) Grundzahl: 12 marks. 

Jétten, K. W. Die Auskunfts- und Fiirsorgestelle fiir 
Lungenkranke, wie sie ist und wie sie sein soll. 8vo. 
ii+87. (Berlin: Julius Springer, 1923.) Grundzahl: 
4 marks. 

Koch, W., Herausgegeben von. Verdéffentlichungen 
aus der Kriegs- und Konstitutions-pathologie. Vier- 
zehntes Heft (Dritter Band, Heft 5): Uber gewisse 
Gesetzmiassigkeiten der Pleuraverwachsungen : ein Beitrag 
zur Pathologie der Sinus phrenico-costales und zur 
Physiologie des Brustkorbs, von L. Aschoff. (Jena: 
Gustav Fischer, 1923.) Grundzahl: 1.50 marks. 

Lapersonne, F. de, and Cantonnet, A. Manuel de 
neurologie oculaire. 2¢ édition. Med. 8vo. Pp. 416+ 
4 planches. (Paris: Masson et Cie, 1923.) 20 francs net. 

Lenormant, Ch., et Brocq, Pierre. Chirurgie de 
la téte et du cou: Précis de technique opératoire. 6¢ édition. 
Pp. 338. (Paris: Masson et Cie, 1923.) 12 francs. 

McNair, James B. Khus Dermatitis: from Rhus 
Toxicodendron, Radicans et Diversiloba (Poison Ivy) : 
its Pathology and Chimotherapy. Roy. 8vo. Pp. xi+ 
298. (Chicago: University of Chicago Press; London: 
Cambridge University Press, 1923.) 4 dollars. 

Mallett, Reddie. Cancer—a Word of Hope in con- 
sidering its Causes, Control and Cure. Cr. 8vo. Pp. 48. 
(London : Watts and Co., 1923.) Is. net.* 

Masson, Dr. Traité de pathologie médicale et de 
thérapeutique appliquée. Roy. 8vo. Tome 2: Tumeurs, 
Diagnostics histologiques. Tome 27: Diagnostics de 
laboratoire. (Paris: A. Maloine et fils, 1923.) 50 francs. 

Meller, J. Ophthalmic Surgery. Edited by W. M. 
Sweet. (Heinemann’s Medical Books.) Third edition. 
Roy. 8vo. Pp. 365. (London: W. Heinemann (Medical 


Books), Ltd., 1923.) 25s. net. 

Mondor, H., et Lauret, G. Les Ulcéres perforés de 
l’estomac et du duodénum. Pp. 186. (Paris: 
et Cie, 1923.) 10 francs. 


Masson 


Moodie, Roy L. Paleopathology: an Introduction to 
the Study of Ancient Evidences of Disease. Sup. Roy. 
8vo. Pp. 567+156 plates. (Urbana, Ill.: University 
of Illinois Press, 1923.) 7.50 dollars.* 

Morley, Arthur S. Hemorrhoids: their A®tiology, 
Prophylaxis, and Treatment by means of Injections. 
(Oxford Medical Publications.) Demy 8vo. Pp. 114 
(London: H. Frowde and Hodder and Stoughton, 1923. ‘ 
6s. net. 

Moure, P. Chirurgie vasculaire conservatrice. Pp. 
179. (Paris: Masson et Cie, 1923.) 12 francs. 

Napier, L. Everard, and Muir, Ernest. Kala Azar: 
a Handbook for Students and Practitioners. Med. 8vo. 
Pp. viii+160. (London: Oxford University Press, 1923.) 
8s. 6d. net. 

Ortner,N. Klinische Symptomatologie innerer Krank- 
heiten. Band 1, Teil 1: Bauchschmerzen (Schmerzhafte 
Bauchaffektionen). Dritte, verbesserte Auflage. Sup. 
Roy. 8vo. Pp. viii+453. (Berlin und Wien: Urban 
und Schwarzenberg, 1923.) 

Pappenheim, Martin. Die Lumbalpunktion: Ana- 
tomie, Physiologie, Technik, Untersuchungsmethoden, 
diagnostische und therapeutische Verwertung. Pp. 184 
(Wien : Rikola Verlag, 1923.) 

Perrin, M., et Mathieu, P. L’Obésité. Pott 8vo. 
Pp. 246. (Paris: Ernst Flammarion, 10923.) 7.50 
francs. 

Pincussen, Ludwig. Mikromethodik: Quantitative 
Bestimmung der Harn- und Blutbestandteile in kleinen 
Mengen. Zweite Auflage. Pp. 125. (Leipzig: Georg 
Thieme, 1923.) Grundzahl: 18 marks. 

Plaut, F., und Spielmeyer, W., Herausgegeben von. 
Nissls Beitrage zur Frage nach der Beziehung zwischen 
klinischem Verlauf und anatomischem Befund bei Nerven- 
und Geisteskrankheiten. 8vo. Band 2, Heft 1. Pp. iv 
+128. (Berlin: Julius Springer, 1923.) Grundzahl: 
6 marks. 

Rousselet, L., et Petitet, A. Déformations des con- 
structions usuelles: Recherche graphique en vue du 
redressement des ossatures. 4to. Pp. viii+290. (Paris: 
Libr. Dunod, 1923.) 39 francs. 

St. Elizabeth’s Hospital, Richmond, Virginia, 
Clinics and Collected Papers of. Vol. 1, 1922. Roy. 
8vo. Pp. 560. (London: Henry Kimpton, 1923.) 
37s. 6d. net. 

Sampson, C. M. Physiotherapy Technic: a Manual 


of Applied Physics. Med. 8vo. Pp. 443. (London: 
Henry Kimpton, 1923.) 30s. net.* 
Schilling, Viktor. Praktische Blutlehre: ein Aus- 


bildungsbuch fiir prinzipielle Blutverwertung in der 
Praxis (Hamogramm-Methode), fiir Arzte, Studenten 
und Laboranten. Zweite und dritte, durchgesehene 
Auflage. (Jena: Gustav Fischer, 1923.) Grundzahl: 1.20 
marks. 

Schwalbe, Julius, Herausgegeben von. Therapeu- 
tische Technik fiir die arztliche Praxis: ein Handbuch 
fiir Arzte und Studierende. Sechste, verbesserte und 
vermehrte Auflage. Roy. 8vo. Pp. 1182. (Leipzig: 
Georg Thieme, 1923.) 20s. 10d. 

Scott, R. J. E., Edited by. Pocket Cyclopedia of 
Nursing. Fcap. 8vo. Pp. ix+746. (New York: The 
Macmillan Co. ; London: Macmillan and Co., Ltd., 1923.) 
14s. net. 

Sonntag, Erich. Grundriss der gesamten Chirurgie. 
Zweite Auflage. Pp. 937. (Berlin: Julius Springer, 1923.) 
11s. 8d. 

Sultan, G. Grundriss und Atlas der speziellen 
Chirurgie. Tiel 2. Zweite umgearbeitete Auflage. Cr. 
8vo. Pp. viii +576 + 40 Tafeln.. (Miinchen: J. F. Lehmann, 
1923.) 14s. 5d. 

Weinert, August. Die Verhiitung des Knickfusses und 
des Knickplattfusses sowie die rationelle Behandlung der 
schon vorhandenen Deformitaten. 8vo. Pp. 22. (Berlin: 
Julius Springer, 1923.) Grundzahl: 2 marks. 

Wilkinson, W. Camac. The Tuberculin Dispensary 
for the Poor. Demy 8vo. Pp. 67. (London: Nisbet 
and Co., 1923.) Is. net. 

Zweig, Walter. Lehrbuch der Magen- und Darm- 
krankheiten. Sup. Roy. 8vo. Pp. xiii+591+4 Tafeln. 
(Berlin und Wien : Urban und Schwarzenberg, 1923.) 
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Recent Scientific and Technical Books. 
Volumes marked with an asterisk have been received at ‘‘ NATURE” Office, 


Mathematics 


Aeronautical Research Committee: Reports and 
Memoranda. No. 602: Stability of Airships, General 
Case; the Mathematical Theory and its Application. 
(London: H.M. Stationery Office, 1923.) Is. 3d. net. 

Baker, H. F. Principles of Geometry. Demy 8vo. 
Vol. 3: Solid Geometry, Quadrics, Cubic Curves in Space, 
Cubic Surfaces. Pp. xix+228. (Cambridge: At the 
University Press, 1923.) 15s. net.* 

Becquerel, Jean. Gravitation Einsteinienne. Champ 
de gravitation d’une sphére matérielle et signification 
physique de la formule de Schwarzschild. Roy. 8vo. 
Pp. 32. (Paris: J. Hermann, 1923.) 3 francs.* 

Burns, P.F. Reason-Why Arithmetic Course. Large 
Cr. 8vo. Book 6. Pp. 112. (London and Glasgow: 
W. Collins, Sons and Co., Ltd., 1923.) Paper, Is. net; 
cloth, 1s. 3d. net. 

Carter, S. Arithmetic and the Elements of Commerce. 
Cr. 8vo. Junior Course, Parti. Pp. vi+169. (London: 
Macdonald and Evans, 1923.) 3s. net. 

Czuber. Mathematische Bevélkerungstheorie. (Leipzig 
und Berlin: B. G. Teubner, 1923.) 16s. 7d. 

Eddington, A. S. Raum, Zeit und Schwere: ein 
Umriss der allgemeinen Relativitatstheorie. Ins Deutsche 
iibertragen von W. Gordon. (Sammlung “ Die Wissen- 
schaft,”” Band 70.) Demy 8vo. Pp. viii+204. (Braun- 
schweig: F. Vieweg und Sohn, 1923.) Grundzahl : 
6.50 marks. 

Gibbs, R. W. M. Engineering Mathematics. Cr. 
8vo. Part 1. Pp. 64. (London, Glasgow and Bombay : 
Blackie and Son, Ltd., 1923.) 1s. 6d. net. 

Gibbs, R.W.M. Technical Arithmetic. 12mo. Pp. 
176. (London, Glasgow and Bombay: Blackie and Son, 
Ltd., 1923.) 3s. 6d. net. 

Gray, John, and Smith, Francis J. A New Sequence 
Geometry for Schools : embodying the Recommendations 
of the I.A.A.M. Report (January 1923) on the Teaching 
of Elementary Geometry. Cr. 8vo. Parts 1 and 2. 
Pp. vi+282+vi. (London and Glasgow: Grant Educa- 
tional Co., Ltd., 1923.) 3s. 6d. 

Haag, J. Cours complet de mathématiques spéciales. 
Roy. 8vo. Tome 4: Géométrie descriptive et trigo- 
nométrie. Pp. vi+150. (Paris: Gauthier-Villars et Cie, 
1923.) 13 francs.* 

Haag, J. Exercices du cours de mathématiques 
spéciales. Roy. 8vo. Tome 4: Géométrie descriptive et 
trigonométrie. Pp. 153. (Paris: Gauthier-Villars et Cie, 
1923.) 15 francs.* 

Julia, Gaston. Legons sur les fonctions uniformes 
a point singulier essential isolé. Professées au Collége 
de France. (Collection de Monographies sur la théorie 
des fonctions.) Roy. 8vo. Pp. vii+150. (Paris : 
Gauthier-Villars et Cie, 1923.) 15 francs.* 

Lorentz, H. A., Einstein, A., Minkowski, H., and 
Weyl, H. The Principle of Relativity: a Collection of 
Original Memoirs on the Special and General Theory of 
Relativity. With Notes by A. Sommerfeld. Translated 
by W. Perrett and G. B. Jeffery. Demy 8vo. Pp.ix +216. 
(London : Methuen and Co., Ltd., 1923.) 12s. 6d. net.* 

Romilly, P. Worms de. Quelques Réflexions sur la 
relativité. Roy. 8vo. Pp. 59. (Paris: J. Hermann, 
1923.) 6 francs.* 

Sohrutka. Zahlenrechnen. (Leipzig und Berlin: B. G. 
Teubner, 1923.) 3s. 7d. 

Study, E. Mathematik und Physik: eine erkenntnis- 
theoretische Untersuchung. (Tagesfragen aus den Gebieten 
der Naturwissenschaften und der Technik, Heft 65.) 
Pp. 31. (Braunschweig: F. Vieweg und Sohn, 1923.) 
Grundzahl : 1.5 marks. 

Tripier, H. Les Fonctions circulaires et les fonctions 
hyperboliques étudiées parallélement en partant de la 
définition géométrique. 8vo. Pp. vi+58. (Paris: Libr. 
Vuibert, 1923.) 

Urban. Grundlagen der Wahrscheinlichkeitsrechnung 
und der Theorie der Beobachtungsfehler. (Leipzig und 
Berlin : B. G. Teubner, 1923.) 2s. 11d. 


| 


Webster, J. H. The Cambridge Elementary Arith- 
metics. Cr. 8vo. Book 8. (Suitable for the last year 


| in the Elementary School and for the first year in the 


Evening School.) Pp. 97+18. (Cambridge: At the 
University Press, 1923.) Paper, 2s. 3d.; cloth, 2s. 6d. 

Whittaker, E. T., and Robinson, George. A Short 
Course in Interpolation. Demy 8vo. Pp. viii+71. 
(London, Glasgow and Bombay: Blackie and Son., Ltd., 
1923.) . 5s. net.* 

Williamson, R. S. Unconventional Arithmetical 
Examples for Juniors. Teachers’ edition. Demy 8vo. Pp. 


| vii+76. (Cambridge: At the University Press, 1923.) 3s. 


Mechanics: Physics 


Bouasse, H., et Carriére, Z. Diffraction. Pp. 480. 
(Paris: Ch. Delagrave, 1923.) 34 francs. 

Chwolson, C. D. Lehrbuch der Physik. Roy. 8vo. 
Band 3, Abteilung 2: Die Lehre von der Warme. Heraus- 
gegeben von G. Schmidt. (Braunschweig: F. Vieweg und 
Sohn, 1923.) Grundzahl: 15.50 marks. Ff 

Clarke, Charles Ramsey, and Small, Sidney 
Aylmer. The Boys’ Book of Physics. Cr. 8vo. Pp. 307. 
(London: J. M. Dent and Sons, Ltd., 1923.) 6s. net. 

Fabry, Ch. La Lumiére monochromatique, sa pro- 
duction et son emploi en optique pratique. Roy. 8vo. 
Pp. 38. (Paris: Revue d'Optique théorique et instru- 
mentale, 1923.) 3 francs.* 

Fabry, Ch. Les Applications des interférences lumi- 
neuses. Roy. 8vo. Pp. 160. (Paris: Revue d'Optique 
théorique et instrumentale, 1923.) 10 francs.* 

Franklin, William S., and MacNutt, Barry. 
Mechanics: a Text Book for Colleges and Technical 
Schools. Cr. 8vo. Pp. viii+226. (Lancaster, Pa.: 
Franklin and Charles; London: Constable and Co., Ltd., 
4923.) 48. net.* 

Franklin, William S., and MacNutt, Barry. Heat: 
a Text Book for Colleges and Technical Schools. Cr. 8vo. 
Pp. viii+187. (Lancaster, Pa.: Franklin and Charles ; 
London : Constable and Co., Ltd., 1923.) 4s. net.* 

Gleichen, Alexander. Die Theorie der modernen 
optischen Instrumente: ein Hilfs- und Ubungsbuch fiir 
Studierende und Konstrukteure optischer Werkstatten, 
sowie fiir Ingenieure im Dienste des Heeres und der 
Marine. Zweite, neubearbeitete und vermehrte Auflage. 
Roy. 8vo. Pp. xii+387. (Stuttgart: Ferdinand Enke, 
1923.) Grundzahl: 12 marks. 

Gunther, R. T. Early Science in Oxford. Demy 
8vo. Parts 3 and 4: Physics and Surveying. Pp. 
vi + 195-408 +21 plates. (Oxford: Printed for the Author 
at the University Press, 1923.) 21s.* 

Kirchberger. Atom und Quantentheorie. 
physik. Bibliothek, Band 44-45.) 
B. G. Teubner, 1923.) 9d. 

Ludewig, P. Die physikalischen Grundlagen des 
Betriebes von Rd6éntgenréhren mit dem Induktorium. 
(Strahlentherapie, Band 7.) 8vo. Pp. viii+138. (Berlin 
und Wien: Urban und Schwarzenberg, 1923.) Grund- 
zahl : 7.50 marks. 

Marage, Dr. L’Audition et ses variations. Roy. 8vo. 
Pp. 262. (Paris: Chez l’auteur, 19 rue Cambon, 1923.) * 

Norris, P. W., and Legge, W. Seymour. Mechanics 
via the Calculus. Demy 8vo. Pp. xi+340. (London: 
Longmans, Green and Co., 1923.) 12s. 6d. net.* 

Page, Calvin Samuel. Rx, the Life Atom: Key to 
Nature. New Direct Explanations; Radio, Gravitation, 
Magnetism, Electricity, Light, Sound, Nervous Force, 
Molecule, refuting Einstein’s Relativity Confirmations ; 
using New Discoveries of the Earth, Mercury, Moon, 
Volcanoes, etc. Ex. Cr. 8vo. Pp. xv +330. (Chicago: 
Science Publishing Co., 1923.) 2.50 dollars.* 

Schulze, A. Die elektrische und Warme-Leitfahigkeit. 
Roy. 8vo. Lieferung 1. (Band 2, Teil 2, Heft 6 der 
Metallographie, von W. Giirtler.) Pp. viii+185. (Berlin: 
Gebriider Borntraeger, 1923.) Grundzahl: 11.25 marks. 
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Starling, S. G. Elementary Electricity. Cr. 8vo. 
Pp. viii+248. (London: Longmans, Green and Co., 
1923.) 35. 6 

Engineering 


Aeronautical Research Committee: Reports and 
Memoranda. No. 783: Report on the Effects of Overheating 
and Repeated Meltings of Aluminium. By W. Rosenhain 
and J. D. Grogan. 6d. net. No. 820: Stresses in a Stiff- 
jointed eo Frame under a System of Parallel 
Loads. By A . J. Sutton Pippard. 6d. net. No. 821: On 
Castigliano’s Theorem of Least Work, and the Principle 
of St. “Venant. By R. V. Southwell. od. net. No.822: An 
Attachment of the Main Balance of 7 Ft. No. 2 Wind 
Tunnel for measuring Three Forces and Three Moments. 
By T. Lavender and others. 3d. net. No. 824: A Method 
of calculating the Characteristics of a Tapered Wing. 
By H.Glauert. 4d.net. No. 825: The Singing of Circular 
and Streamline Wires. By E. F. elf and E. Ower. 3d. net. 
No. 833: Design of Tapered Wings. ts. net. No. 834: 
The Handley Page Slotted Wing. ByH.Glauert. 6d. net. 
No. 836: The Manceuvres of Inverted Flight. By 
Squadron-Leader R. M. Hill. 1s.6d.net. No. 854: Measure- 
ment of Aeroplane Speed. od. net. No. 861: Deter- 
mination of Lift and Drag Coefficients during a Stall by 
Means of Accelerometers. gd. net. No. 863: The Effect 
of a Temperature of 210 Deg. F. on Steel submitted to 
Alternating Torsion. By W. Mason. od. net. No. 865: 
Use of a Slotted Trailing Flap on Aerofoils of Various 
Cambers. od. net. No. 866: Calculation of the Rotary 
Derivatives due to Yawing for a Monoplane Wing. By 
H. Glauert. 6d. net. No. 867: The Interference of Wind 
Channel Walls on the Aerodynamic Characteristics of an 
Aerofoil. By H. Glauert. 4d. net. (London: H.M. 
Stationery Office, 1923.) 

Bangay, R. D. Wireless Telephony: a Simplified 
Explanation. Cr. 8vo. Pp. viii+134. (London: The 
Wireless Press, Ltd.; New York: Wireless Press, Inc., 
1923.) 2s. 6d. net.* 

Boulton, W. Gerard. Blasting with High Explosives : 
a Practical Handbook for Mining and Civil Engineers, 
Farmers, and -all interested in Demolitions. Cr. 8vo. 
Pp. viii+1o8. (London: Sir I. Pitman and Sons, Ltd., 
1923.) 5s. net.* 

Brun, J. La Téléphonie sans fil générale et privée. 

176. (Paris: Albin Michel, 1923.) 15 francs. 

Clément, C. LaConstruction des bobinages électriques : 
aide-mémoire du bobinier. Roy. 8vo. Pp. xii+202. 
(Paris : Libr. Dunod, 1923.) 16 francs. 

Collins, A. Frederick. Everybody’s Wireless Book : 
a Simple Description of how to Receive Broadcasted Pro- 
grammes ; also how to Make, Instal, and Operate Wireless 
Telephone and Telegraph Receiving and Sending Sets, 
together with the Post Office Rules and Regulations that 
govern them. Med. 8vo. Pp. xi+228. (London and 
Glasgow: W. Collins, Sons and Co., Ltd., 1923.) Ios. net. 

Conradi, Charles Guthrie. Mechanical Road Trans- 
port. (Reconstructive Technical Series.) Demy 8vo. 
Pp. xviii+394+63 plates. (London: Macdonald and 
Evans, 1923.) 21s. net.* 

Cunningham, Brysson. Cargo Handling at Ports: 
a Survey of the Various Systems in Vogue, with a Con- 
sideration of their Respective Merits. Demy 8vo. ‘ 
x +180+60 plates. (London: Chapman and Hall, Ltd., 
1923.) 13s. 6d. net.* 

Dalby, W. E. Strength and Structure of Steel and 
other Materials. Med. 8vo. Pp. xii+176+38 plates. 
(London: E. Arnold and Co., 1923.) 18s. net.* 

Fraser, Edward S., and Jones, Ralph B. Motor 
Vehicles and théir Engines: a Practical Handbook on 
the Care, Repair, and Management of Motor Trucks and 
Automobiles for Owners, Chauffeurs, Garage men, and 
Schools. Second edition, revised and enlarged. Second 
impression. Med. 8vo. Pp. v +374. (London: Crosby 
Lockwood and Son, 1923.) 16s. net. 

Hague, B. Alternating Current Bridge Methods for 
the Measurement of Inductance, Capacitance, and Effective 
Resistance at Low and Telephonic Frequencies: a 
Theoretical and Practical Handbook for the Use of 
Advanced Students. (The Specialists’ Series.) Demy 
8vo. Pp. xiii+302. (London: Sir I. Pitman and Sons, 
Ltd., 1923.) 15s. net.* 


Hawks, Capt. Ellison. The Romance and Reality 
of Radio. Cr. 8vo. Pp. 296. (London: T. C. and 
E. C. Jack, Ltd., 1923.) 3s. 6d. net. 

Hémardinquer, P. Le Poste de télégraphie sans fil 
de l’amateur. Pp. 256. (Paris: Etienne Chiron, 1923.) 

Henley, F.L. The Inspection and Testing of Materials, 
Apparatus, and Lines. (Manuals of Telegraph and Tele- 
phone Engineering.) Demy 8vo. Pp. xi+355 +12 plates. 
(London : Longmans, Green and Co., 1923.) 21s. net.* 

Hinton, N. P. Wireless for the Home. Cheaper 
edition. Cr. 8vo. Pp. 88. (London: Sir I. Pitman 
and Sons, Ltd., 1923.) Is. 6d. net. 

Kayser. Eisenbetonbau. (Teubners technische Leit- 

faden, Band 19.) (Leipzig und Berlin: B. G. Teubner, 
1923. 2s. 7d. 
Linley, é M. The Lathe Users’ Handbook. (The 
Broadway Engineering Handbooks, Vol. 34.) Narrow 
Cr. 8vo. Pp. 188+viii. (London: Scott Greenwood 
and Son, 1923.) 7s. 6d. net. 

Maurer, P. Calcul pratique des conducteurs dans 
les installations électriques. Roy. 8vo. Pp. 56. (Paris: 
Libr. Desforges, 1923.) 5 francs. 

Meares, J. W., and Neale, R. E. Electrical Engineer- 
ing Practice: a Practical Treatise for Electrical, Civil, 
and Mechanical Engineers, with many Tables and Illustra- 
tions. Fourth edition, re-written and enlarged. In 2 vols 
Demy 8vo. Vol. 1. Pp. x+584. (London: Chapman 
and Hall, Ltd., 1923.) 25s. net.* 

Parr, G. Principles and Practice of Wireless Trans- 
mission. Cr. 8vo. Pp. vi+163. (London: Ernest Benn, 
Ltd., 1923.) 5s. net.* 

Reed, E. G. Essentials of Transformer Practice. 
Demy 8vo. Pp. 264. (London: Sir I. Pitman and 
Sons, Ltd., 1923.) 12s. 6d. net. 

Sexton, Maurice Johr. Sexton’s Pocket-book on 
Boiler-making, Ship-building, etc. Seventh edition, 
revised by P. W. McGuire. 18mo. Pp. 292. (London: 
E. and F. N. Spon, Ltd., 1923.) 6s. net. 

Toché, C. La Radiotéléphonie: émission, réception, 
montages de postes d’amateurs, applications. 2¢ édition, 
revue et augmentée. 8vo. Pp. vili+118. (Paris: 
(Gauthier-Villars et Cie, 1923.) 10 francs. 

Veaux, M. Télégraphie et téléphonie sans fil. Pp. 
320. (Paris: L. Eyrolles, 1923.) 25 francs. 

Warren, J.G.H. A Century of Locomotive Building 
by Robert Stephenson and Co., 1823-1923. Demy 4to. 
Pp. vii + 461. (Newcastle-upon-Tyne: Andrew Reid, 
1923.) 28s. net. 

Wines, Walter E. Strength of Materials. Prepared 
in the Extension Division of the University of Wisconsin. 
(Engineering Education Series.) Med. 8vo. Pp. xx +241. 
(London: McGraw-Hill Publishing Co., Ltd., 1923.) 
$35. 


Chemistry: Chemical Industry 


Askinson, G. W. Perfumes and Cosmetics, their 
Preparation and Manufacture: a Complete and Practical 
Treatise for the Use of the Perfumer and Cosmetic Manu- 
facturer. Fifth edition, revised and enlarged. Pp. 
xiii + 392. (London: Crosby Lockwood and Son, 1923.) 30s. 

Baker, T. Thorne. The Spectroscope and its Uses 
in General Analytical Chemistry. Second edition. Demy 
8vo. Pp.x+208. (London: Bailliére, Tindall and Cox, 
1923.) 8s. 6d. net. 

Benrath, Alfred. The Fundamental Ideas of Chem- 
istry. Translated by Jethro Bithell. (Harrap’s Bilingual 
Series, German-English: Text and Translation on 
Opposite Pages.) Fcap. 8vo. Pp. 160. (London: G. G. 
Harrap and Co., Ltd. ; New York: Brentano’s; Sydney : 
Australasian Publishing Co., Ltd., 1923.) 2s. net.* 

Born. Atomtheorie des festen Zustandes. (Dynamik 
der Kristallgitter.) (Leipzig und Berlin: B. G. Teubner, 
1923.) 3s. 8d. 

Cambon, Victor. La Fabrication des colles et géla- 
tines. Demy 8vo. Pp. vi+270. (Paris: Libr. Dunod, 
1923.) 18 francs. 

Cohen, Julius B. Organic Chemistry for Advanced 
Students. Fourth edition. Demy 8vo. Part 1: Re- 
actions. Pp. vili+423. Part 2: Structure. Pp. vii+ 
461. (London: E. Arnold and Co., 1923.) 18s. net 
each part.* 
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Cumming, William M., Hopper, I. Vance, and 
Wheeler, T. Sherlock. Systematic Organic Chemistry : 
Modern Methods of Preparation and Estimation. Demy 
8vo. Pp. xxii+535. (London, Bombay and Sydney: 
Constable and Co., Ltd., 1923.) 25s. net.* 

Department of Scientific and Industrial Research. 
Report of the Oxygen Research Committee. Roy. 8vo. 
Pp. vii+177. (London: H.M. Stationery Office, 1923.) 
8s. 6d. net.* 

Durvelle, J. P. The Preparation of Perfumes and 
Cosmetics. Translated from the fourth French edition 
by Ernest J. Parry. Roy. 8vo. Pp. viii+420. (London: 
Scott, Greenwood and Son, 1923.) 2Is. net. 

Fabris, Guido. Olii e grassi: vegetali, animali e 


minerali. Seconda edizione, riveduta e amplificata. Pp. 
xxii+671. (Milano: Ulrico Hoepli, 1923.) 24 lire. 
Hamlin, M. L., and Turner, Jr., F. M. The 


Chemical Resistance of Engineering Materials. Med. 8vo. 


Pp. 267. (New York: The Chemical Catalog Co., Inc., 
1923.) 5 dollars. 

Kremann, R. Die Restfeldtheorie der Valenz auf 
Grund der organischen Molekiilverbindungen. (Sonder- 


ausgabe aus der Sammlung chemischer und chemisch- 


technischer Vortrage, Band 27.) Roy. 8vo. Pp. x+194. 
(Stuttgart: Ferdinand Enke, 1923.) Grundzahl: 7.50 
marks. 

Krische, Paul. Das Kali: die Gewinnung, Ver- 


arbeitung und Verwertung der Kalisalze, ihre Geschichte 
und wirtschaftliche Bedeutung. Teil 1: Die Geschichte 
der Kalisalze, die Entwicklung der deutschen Kali- 
industrie und die Verbreitung des Kaliums in der Natur 
(Kaliquellen). Roy. 8vo. Pp. xii+382. (Stuttgart: 
Ferdinand Enke, 1923.) Grundzahl: 15 marks. 

Lewis, Gilbert Newton. Valence, and the Structure 
of Atoms and Molecules. (American Chemical Society 
Monograph Series.) Med. 8vo. Pp. 172. (New York: 
The Chemical Catalog Co., Inc., 1923.) 3 dollars.* 

Liesegang, Raphael Ed. Kolloide in der Technik. 
Pp. 157. (Dresden und Leipzig: Theodor Steinkopff, 
1923.) 3s. 6d. 

Margosches, B. M., Herausgegeben von. Die chem- 
ische Analyse. Roy. 8vo. Band 3: Physikalische Chemie 
als Grundlage der analytischen Chemie, von W. Herz. 
Zweite, vollstandig umgearbeitete Auflage zugleich dritte 
Auflage des Leitfadens der theoretischen Chemie desselben 
Verfassers. Pp. vii+325. (Stuttgart: Ferdinand Enke, 
1923.) Grundzahl: 8.40 marks. 

Masse, René, et Baril, Auguste. L’Industrie du 
gaz. (Encyclopédie Léauté.) Tome 1: Distillation de 
la houille. Pp. 295. Tome 2: Traitement des produits 
et sous-produits. Pp. 292. (Paris: Masson et Cie, 1923.) 
2o francs each vol. 

Molinari, Ettore. Chimie générale et industrielle. 
Roy. 8vo. Tome 4: Chimie organique, généralités, série 
forménique. Quatri¢éme édition, revue et augmentée. 
Traduit de l’italien par J.-A. Montpellier et B. de Viviés. 
Pp. 684. (Paris: Libr. Dunod, 1923.) 56 francs. 

Miiller, Robert. Elektrochemie der nichtwassigen 
Lésungen. (Sonderausgabe aus der Sammlung che- 
mischer und chemisch-technischer Vortrage, Band 27.) 
Roy. 8vo. Pp. viii+116. (Stuttgart: Ferdinand Enke, 
1923.) Grundzahl: 4.50 marks. 

Nicol, E. W. L. Coke and its Uses: 
Smoke Prevention and Fuel Economy. 
xii+134+11 plates. (London: Ernest 
1923.) 19s. 6d. net.* 

Olsen, John C., Edited by. Van Nostrand’s Chemical 
Annual: a Hand-book of Useful Data for Analytical, 
Manufacturing and Investigating Chemists, Chemical 
Engineers and Students. Fifth Issue, 1922, thoroughly 
revised and enlarged. Ex. Cr. 8vo. Pp. xxii+g00. 
(London, Bombay and Sydney: Constable and Co., 
Léd., 4923.) net.* 

Oppenheimer, Carl. Kurzes Lehrbuch der Chemie 
in Natur und Wirtschaft. Nebst einer Einfiihrung in 
der allgemeine Chemie, von Johann Matula. Sup. Roy. 
8vo. Pp. xx +862. (Leipzig: Georg Thieme, 1923.) 25s.* 

Pummerer, Rudolf. Organische Chemie. Zweite 
erweiterte Auflage. Pp. xi+209. (Dresden und Leipzig: 
Theodor Steinkopff, 1923.) 4s. 


in Relation to 
Gl. 4to. Pp. 
Benn, Ltd., 


Schreinemakers, F. A. H. Recueil des travaux 
chimiques des Pays-Bas. Feestbundel aangeboden aan 
F. A. H. Schreinemakers ter herdenking van den dag, 


waarop hem voor 25 Jahren het Doctoraat honoris causa 
werd verleend (7 Juli 1898-1923). Roy. 8vo. Pp. 535- 
858+iv. (Leyde, Holland: A. W. Sijthoff, 1923.) 8s. 3d.* 

Smith’s General Chemistry for Colleges. Revised and 
rewritten by James Kendall. Ex. Cr. 8vo. Pp. xiii +747 


+8 plates. (London: G. Bell and Sons, Ltd., 1923.) 
tos. 6d. net.* 

Snow, Clyde M. Essentials of Pharmacy, with 
Questions and Answers. Second revised edition. Roy. 8vo. 
Pp. 752. (London: Henry Kimpton, 1923 28s. net. 

Spiegel, Leopold. MHeilmittel und Gifte im Lichte 
der Chemie. Roy. 8vo. Pp. viii+131. (Stuttgart: 
Ferdinand Enke, 1923.) Grundzahl: 4.50 marks. 

Thomson, Sir J. J. The Electron in Chemistry: 


being Five Lectures delivered at the Franklin Institute, 
Philadelphia. Roy. 8vo. Pp. v+144. (Philadelphia : 
Franklin Institute, 1923.) 1.75 dollars.* 
Trivelli, A. P. H., and Sheppard, S. E. 
Bromide Grain of Photographic Emulsions. (Monographs 
on the Theory of Photography, from the Research 
Laboratory of the Eastman Kodak Co., No. 1.) Demy 


The Silver 


8vo. Pp. 143. (New York: D. Van Nostrand Co. ; 
Rochester, N.Y. : Eastman Kodak Co. ; London: Kodak, 
Lid.,. 7925.) 


Walden, Paul. Molekulargréssen von Elektrolyten in 
nichtwasserigen Lésungsmitteln. Pp. xi+350. (Dresden 
und Leipzig : Theodor Steinkopff, 1923.) 11s. 6d. 

Warnes, Arthur R. Coal Tar Distillation and Work- 
ing Up of Tar Products. Third edition, rewritten and 


very greatly enlarged. Gl. 4to. Pp.xv+511. (London: 
Ernest Benn, Ltd., 1923.) 45s. net.* 
Zintl, Eduard. Einfiihrung in das Studium der 


anorganischen Chemie. (Enke’s Bibliothek fiir Chemie und 
Technik, Band 9.) Roy. 8vo. Pp. viii+365. (Stuttgart: 
Ferdinand Enke, 1923.) Grundzahl: 9.60 marks. 


Technology 
Brooke, Margaret L. Lace in the Making, with 
Bobbins and Needle. (Routledge’s Modern Trade-Book 


Series.) Demy 8vo. Pp. x+164+4 plates. 
G. Routledge and Sons, Ltd., 1923.) 7s. 6d. net. 

Department of Scientific and Industrial Research : 
Fuel Research Board. Technical Paper No. 8: The 
Steaming of Wigan Arley Coal in Vertical Gas Retorts. 
Roy. 8vo. Pp. iii+18. (London: H.M. Stationery 
Office, 1923.) 9d. net.* ‘ 

Fallon, John T., Edited by. 
Garden Furniture and Accessories. Roy. 8vo. Pp. 105. 
(London: B. T. Batsford, Ltd., 1923.) tos. net. 

Hooper, Luther, Written and Illustrated by. Weaving 
with Small Appliances. Fcap. 4to. Book 2: Tablet 
Weaving. Pp. 66. (London: Sir I. Pitman and Sons, 
Ltd., 1923.) 7s. 6d. net. 

Hughes, W. E. Modern Electro-plating : 
Book for Platers, Works Chemists, and Engineers. 
(Oxford Technical Publications.) Roy. 8vo. Pp. vii+ 
160+18 plates. (London: H. Frowde and Hodder and 
Stoughton, 1923.) 16s. net.* 

Mugnier, L. Manuel de la _ coupe 
(Bibliothéque professionnelle.) Fceap. 
(Paris: J.-B. Bailliére et fils, 1923.) 


Nérard, J. B. 


(London: 


How to make Concrete 


a Guide- 


des _pierres. 
8vo. Pp. 268. 
10 francs net.* 

Le Gaz d’eau approprié aux chauffages 
industriels. Fcap. 8vo. Pp. 47. (Paris: Libr. Desforges, 
1923.) 2.25 francs. 

Osborn, Harold. Golden Rules of Dental Mechanics : 
Notes and Formule. Second edition. 1r8mo. Pp. 115. 
(Bristol: J. Wright and Sons, Ltd.; London: Simpkin, 
Marshall and Co., Ltd., 1923.) 5s. net. 

Polkinghorne, R. K. and M. I. R. Weaving and 
other Pleasant Occupations, as Training for Hand and 
Eye in the Schoolroom. Med. 8vo. Pp. 223. (London, 
Calcutta and Sydney: G. G. Harrap and Co., Ltd., 1923.) 
tos. 6d. net. 

Stanley, F.-A. Poingons et matrices pour le travail 
des métaux en feuilles. Traduit par M. Varinois. Roy. 
8vo. Pp. xii+470. (Paris: Libr. Dunod, 1923.) 48 francs. 
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Walton, Perry. The Story of Textiles. Roy. 8vo. 
Pp. 274. (London: B. T. Batsford, Ltd., 1923.) 25s. net. 

Wendt, R. E. Foundry Work: a Text on Molding, 
Dry-sand Core Making, and the Melting and Mixing of 
Metals. Cr. 8vo. Pp. ix+206. (London: McGraw- 
Hill Publishing Co., Ltd., 1923.) ros.* 


Astronomy 


Andoyer, H., et Lambert, A. Cours d’astronomie. 
Roy. 8vo. Seconde partie: Astronomie pratique. 
Deuxiéme édition, entiérement refondue. Pp. 316+10 
planches. (Paris: J. Hermann, 1923.) 30 francs.* 

Bosler, Jean. L’Evolution ‘des étoiles. (Recueil des 
Conférences-Rapports de Documentation sur la Physique, 
Vol. 8, rre Série, Conférences 19, 20: édité par la Société 
Journal de Physique.) Med. 8vo. Pp.103. (Paris: Les 
Presses universitaires de France, 1923.) 10 francs.* 

Gunther, R. T. Early Science in Oxford. Demy 
8vo. Vol. 2: Astronomy. Pp. xv+408+66 plates. 
(Oxford: Printed for the Subscribers by the University 
Press, 1923.) * 

Mitchell, S. A. Eclipses of the Sun. Demy $8vo. 
Pp. xvii+425+59 plates. (New York: Columbia Uni- 
versity Press; London: Oxford University Press, 1923.) 
17s. net.* 

Phillips, T. E.R., Edited by. Hutchinson’s Splendour 
of the Heavens: a Popular Authoritative Astronomy. 
Demy 4to. Part 11. Pp. 409-448. Part 12. Pp. 449-488. 
(London: Hutchinson and Co., 1923.) Is. 3d. net each 
part.* 

Meteorology : Geophysics 


Air Ministry: Meteorological Office. British 
Meteorological and Magnetic Year Book, 1920. Roy. 
4to. Part 4: Hourly Values from Autographic Records, 
1920 ; comprising Hourly Readings of Terrestrial Magnet- 
ism at Eskdalemuir Observatory, and Summaries of the 
Results obtained in Terrestrial Magnetism, Meteorology, 
and Atmospheric Electricity, chiefly by Means of Self- 
recording Instruments at the Observatories of the Meteoro- 
logical Office. Pp. 71+3 plates. (London: H.M. 
Stationery Office, 1923.) 15s. net.* 

Air Ministry : Meteorological Office. Geophysical 
Memoirs, No. 22: Absolute Daily Range of Magnetic 
Declination at Kew Observatory, Richmond, 1858 to 
1900. By C. Chree. (M.O. 254b.) Roy. 4to. Pp. 19-47. 
(London: H.M. Stationery Office, 1923.) 2s. 6d. net.* 

Mitchell, W. G. W. Time and Weather by Wireless. 
Cr. 8vo. Pp. xii+125. (London: The Wireless Press, 
Ltd. ; New York: Wireless Press, Inc., 1923.) 3s. 6d. net.* 

Shaw, Sir Napier. Forecasting Weather. Second 
edition, revised and enlarged. Demy 8vo. Pp. xliii + 584. 
(London : Constable and Co., Ltd., 1923.) 36s. net.* 


Geology: Mineralogy 


Born, A. Isostasie und Schweremessung : ihre Bedeu- 
tung fiir geologische Vorgange. Roy. 8vo. Pp. iii + 160. 
(Berlin: Julius Springer, 1923.) 2.20 dollars.* 

Fabre, Jean Henri. This Earth of Ours: Talks 
about Mountains and Rivers, Volcanoes, Earthquakes and 
Geysers, and other Things. Translated from the French 
by Percy F. Bicknell. Demy 8vo. Pp. x+339. (London: 
T. Fisher Unwin, Ltd., 1923.) tos. 6d. net. 

Geological Survey of India, Memoirs of the. Vol. 
49, Part 1: The Bauxite and Aluminous Laterite 
Occurrences of India. By C. S. Fox. Sup. Roy. 8vo. 
Pp. iii +287 +xiii+11 plates. (Calcutta: Geological 
Survey of India, 1923.) 5.8 rupees.* 

Geological Survey of India, Memoirs of the. Pale- 
ontologia Indica: being Figures and Descriptions of the 
Organic Remains procured during the Progress of the 
Geological Survey of India. Sup. Roy. 4to. New 
Series, Vol. 8, Memoir No. 1: Contributions to the 
Paleontology of Assam. By Erich Spengler. Pp. v+ 
73+4 plates. (Calcutta: Geological Survey of India, 
1923.) 5 rupees.* 

Hawksworth, Hallam. The Adventures of a Grain 
of Dust. (Strange Adventures in Nature’s Wonderlands.) 
Cr. 8vo. Pp. xii+251. (New York and London: Charles 
Scribner’s Sons, 1923.) 7s. 6d. net. 


Hawksworth, Hallam. The Strange Adventures of a 
Pebble. (Strange Adventures in Nature’s Wonderlands.) 
Cr. 8vo. Pp. xiii+296. (New York and London: Charles 
Scribner’s Sons, 1923.) 7s. 6d. net. 

Kayser, Emanuel. Lehrbuch der Geologie. Vier 
Bande. Roy. 8vo. Band 1 und 2: Allgemeine Geologie. 
Band 1: Physiographische Geologie und aussere Dynamik. 
Siebente und achte Auflage. Pp. viii+740. (Stuttgart: 
Ferdinand Enke, 1923.) Grundzahl: 21 marks. 

Klockmann, F. Lehrbuch der Mineralogie. Neunte 
und zehnte Auflage. Roy.8vo. Pp.xi+667. (Stuttgart: 
Ferdinand Enke, 1923.) Grundzahl: 17 marks. 

Krebs. Siiddeutschland. (Landeskunde von Deutsch- 
land, Teil 1.) (Leipzig und Berlin: B. G. Teubner, 
1923.) 2s. 5d. 

Nopcsa, Franz Baron. Die Familien der Reptilien. 
(Fortschritte der Geologie und Paldontologie, Heft 2.) 
Roy. 8vo. Pp. iii+210+6 Tafeln. (Berlin: Gebriider 
Borntraeger, 1923.) 15s.* 

Oostingh, C. H. Recent Shells from Java. Roy. 
8vo. Part 1: Gastropoda. Pp. 174. (Wageningen, 
Holland : H. Veenman en Zonen, 1923.) * 

Puchner, Heinrich. Bodenkunde fiir Landwirte unter 
Beriicksichtigung der Beniitzung des Bodens als Pflanzen- 
standort, Baugrund und technisches Material. Roy. 8vo. 
Pp. xvi+710+5 Tafeln. (Stuttgart: Ferdinand Enke, 
1923.) Grundzahl: 20 marks. 

Todd, James A. Rock Studies. (Foundations of 
Nature Study Series.) Cr. 8vo. Pp. 80. (Edinburgh : 
A. Baxendine and Sons, 1923.) 2s. net. 

Wolff, F.v. Der Vulkanismus. Zwei Bande. Roy. 8vo. 
Band 2: Spezieller Teil. Teil 1: Methoden der speziellen 
Vulkankunde; Die ostasiatischen Randbégen; Die 
malayischen Randbégen ; Der pazifische Rand Australiens. 
(Stuttgart: Ferdinand Enke, 1923.) Grundzahl: 13.30 
marks. 


Geography: Travel 


Abraham, George D. British Mountain Climbs. 
New and revised edition. t2mo. Pp. 464. (London: 
Mills and Boon, Ltd., 1923.) 10s. 6d. net. 

Abraham, George D. First StepstoClimbing. Cr. 8vo. 
Pp. 126. (London: Mills and Boon, Ltd., 1923.) 5s. net. 

Baedeker, Karl. Berlin and its Environs: Handbook 
for Travellers. Sixth edition. Fcap. 8vo. Pp. x +258. 
(Leipzig: K. — London: T. Fisher Unwin, 
Ltd., 1923.) 5s. n 

Baker, Lt.- Gol. “B. Granville. From a Terrace in 
Prague. Demy 8vo. Pp. 262. (London: G. Allen 
and Unwin, Ltd., 1923.) 16s. net. 

Blundell, Peter. The City of Many Waters. Med. 
8vo. Pp. 223. (Bristol: J. W. Arrowsmith, Ltd., 
1923.) 10s. 6d. net. 

Boulnois, Helen Mary. Into Little Thibet. Cr. 
8vo. Pp. 256+20 plates. (London: Simpkin, Marshall 
and Co., Ltd., 1923.) 7s. 6d. net.* 

Bruce, Brig.-Gen. Hon. C. G., and other Members 
of the Expedition. The Assault on Mount Everest, 1922. 
Sup. Roy. 8vo. Pp. xi+339+33 plates+2 maps. 
(London: E. Arnold and Co., 1923.) 25s. net.* 

Carson, T. Simpson. The World as seen by Me. 
Med. 8vo. Pp. 352. (London: Heath Cranton, Ltd., 
1923.) 30s. net. 

Cebrian, Konstantin. Geschichte der Kartographie : 
ein Beitrag zur Entwicklung des Kartenbildes und Karten- 
wesens. (Geographische Bausteine, Heft 10.) I: Alter- 
tum. 1: Von den ersten Versuchen der Landerabbildung 
bis auf Marinos und Ptolemaios (zur alexandrinischen 
Schule). Mit einem Anhang ‘ Ptolemaios als Kartograph,”’ 
von Joseph Fischer. (Gotha: Justus Perthes, 1923.) 
Grundzahl: 4.50 marks. 

Cook, Jeanae H. Fifty Years on the Old Frontier : 
as Cowboy, Hunter, Guide, Scout and Ranchman. Med. 
8vo. Pp. xix+291+32 plates. (New Haven: Yale 
University Press; London: Oxford University Press, 
1923.) 18s. 6d. net.* 

Doughty, Charles M. Travels in Arabia Deserta. 
New and cheaper edition. In2vols. Demy 8vo. Vol. 1. 

xXxvi+623. Vol. 2. Pp. xiv+690. (London: 
Jonathan Cape and the Medici Society, Ltd., 1923.) 
63s. net. 
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Dunbar, Ianthe. The Edge of the Desert. 
Pp.148. (London: Philip Allan and Co., 1923.) 12s.6d.net 
Fairgrieve, James. Land-form Map Book: a 
Graded Course of Exercises on Mapping Land Forms. 


Imp. 8vo. 


New impression. Imp. 8vo. Pp. 32. (London: The 
University of London Press, Ltd., 1923.) 1s. 3d. net. 
Forder, Rev. A. Petra, Perea, Phoenicia. Cr. 4to. 
Pp.112. (London: Marshall Bros., Ltd., 1923.) 7s. 6d. net. 
Golding, Louis. Seacoast of Bohemia. Cr. 8vo. 
Pp. 296. (London: Christophers, 1923.) 7s. 6d. net. 


Gregory, J. W., and Gregory, C. J. To the Alps 
of Chinese Tibet: an Account of a Journey of Exploration 
up to and among the Snow-clad Mountains of the Tibetan 
Frontier. Demy 8vo. Pp. 321+16 plates. (London: 


Seeley, Service and Co., Ltd., 1923.) 25s. net.* 
Hall, Herbert C. (Johnny). Barrack and Bush: 
In Northern Nigeria. Cr. 8vo. Pp. 154. (London: 


G. Allen and Unwin, Ltd., 1923.) 


7s. 6d. net. 


Haushofer, Karl. Japan und die Japaner: eine 
Landeskunde. Roy. 8vo. Pp.166. (Leipzig und Berlin: 
B. G. Teubner, 1923.) 

Hettner. Der Gang der Kultur iiber die Erde. 
(Geograph. Schriften, Heft 1.) (Leipzig und Berlin: 
B. G. Teubner, 1923.) Is. 5d. 


Hutton, Edward. Highways and Byways in Somerset. 
(Highways and Byways Series.) Pocket edition. Fcap. 
8vo. Pp. xviii+419. (London: Macmillan and Co., 
Ltd., 1923.) Cloth, 6s. net; leather, 7s. 6d. net. 

Johnston, Sir Harry, and Guest, L. Haden, Edited 
by. The Outline of the World To-Day. (To be com- 
pleted in about 24 fortnightly parts.) Demy 4to. Part. 


Pp. 40. Part 2. Pp. 41-80. (London: George Newnes, 
Ltd., 1923.) 1s. 2d. net each part.* 

Lang, Andrew. Highways and Byways in _ the 
Border. (Highways and Byways Series.) Pocket edition. 
Feap. 8vo. Pp. xvi+439. (London: Maemillan and Co., 
Ltd., 1923.) Cloth, 6s. net; leather, 7s. 6d. net. 

Mackie, John. The Great Antarctic. Cr. 8vo. Pp. 
287. (London: Jarrolds, Ltd., 1923.) 3s. 6d. net. 

O’Connor, V. C. Scott. A Vision of Morocco: the 


Far West of Islam. Demy 8vo. 
Thornton Butterworth, Ltd., 1923.) 

Plischke, H. Christoph Kolumbus: die Entdeckung 
Amerikas. 8vo. Pp. 159. (Leipzig: F. A. Brockhaus, 
1923.) Grundzahl: 2.50 marks. 

Pope, R. Martin. Here and There in the Historic 
Near East: Impressions and Reflections, 1918-1919. 
Ex. Cr. 8vo. Pp. 156. (London: The Epworth Press, 
1923.) 3s. 6d. net. 

Read, D. H. Moutray. Highways and Byways in 
Hampshire. (Highways and Byways Series.) Pocket 
edition. Fcap. 8vo. Pp. xviii+4q44. (London: Mac- 
millan and Co., Ltd., 1923.) Cloth, 6s. net; leather, 
7s. 6d. net. 

Rey, Charles F. Unconquered Abyssinia as it is 
To-day : an Account of the Country, its Peoples and their 


Pp: 382. 
25s. net. 


(London : 


Customs, considered from the Social, Economic and 
Geographic Points of View; its Resources and Possi- 


bilities, and its Extraordinary History as a Hitherto 


Unconquered Nation. Demy 8vo. (London: Seeley, 
Service and Co., Ltd., 1923.) 21s. net. 

Richardson, Capt. Leslie. Things seen on the 
Riviera: a Description of its interesting Peoples and 


their Ways and the Charming Scenes of the French and 
Italian Riviera lying between Marseilles and Genoa. 
Fcap. 8vo. Pp. 158. (London: Seeley, Service and Co., 
Ltd., 1923.) 3s. 6d. net. 
Schultz, Arved. Sibirien: 


eine Landeskunde. Med. 


8vo. Pp. viii+246. (Breslau: Ferdinand Hirt, 1923.) 
Snaffle.”’ The Impossible Island: Corsica; its | 
People and its Sport. Med. 8vo. Pp. 224. (London: 


H. F. and G. Witherby, 1923.) Ios. 6d. net. 

Spary, V. C. Elementary Exercises in Map Work. 
Cr. 4to. Pp. 16. (London: The University of London 
Press, Ltd., 1923.) 9d. net. 

Thomas, J. Africaand Australasia. (The “ Explorer ” 
Geographies.) Sq. Cr. 8vo. Pp. viii+244+8 plates + 
3 maps. (London: G. Bell and Sons, Ltd., 1923.) 3s.* 

Ward, Capt. F. Kingdon. The Mystery Rivers of 
Tibet: a Description of the Little-known Land where 


Asia’s Mightiest Rivers gallop in Harness through the 


Narrow Gateway of Tibet ; its Peoples, Fauna and Flora. 
Demy 8vo. Pp. 316+16 plates+4 maps. (London: 
Seeley, Service and Co., Ltd., 1923.) 21s. net.* 


General Biology: Natural History: Zoology: 
Botany 

Abderhalden, Emil, Herausgegeben von 

der biologischen Arbeitsmethoden. Sup. Roy. 8vo. 

Lieferung 110. Abt. 5: Methoden zum Studium der 

Funktionen der einzelnen Organe des tierischen Organis- 


Handbuch 


mus. Teil 3A, Heft 4: Entwicklungsmechanik. Pp. 
539-684 +xix. (Berlin und Wien: Urban und Schwarzen- 
berg, 1923.) 6s.* 


Blaringhem, L. Pasteur et le transformisme. $vo. 
Pp. xiv+262. (Paris: Masson et Cie, 1923.) 14 francs. 

Brander, A. A. Dunbar. Wild Animals in Central 
India. Demy 8vo. Pp. xv +296+16 plates. (London: 
E. Arnold and Co., 1923.) 18s. net.* 


Brown, Beatrice Curtis. Quite Wild Animals. 
Feap. 4to. Pp. 35. (London: W. Heinemann, Ltd., 
1923.) 3s. 6d. net. 

Brown, Henry Hilton. By Meadow, Grove and 
Stream: an Introduction to Nature Study. Cr. 8vo. 
Pp. 196+18 plates. (London: Religious Tract Society, 
1923.) 3s. net. 

Buckhurst, A. S., Staniland, L. N., and Watson, 
E. B._ British Hymenoptera. Cr. 4to. Pp. 48+8 
plates. (London: E. Arnold and Co., 1923.) 9s. net.* 

Coward, T. A. Birds and their Young. Cr. 4to. 


Pp. viili+151+44 plates. (London : 
Ltd., 1923.) ros. 6d. net.* 
Derieux, Samuel A. Animal Personalities. 
Pp. xxiv+298. (London : 
7s. 6d. net. 
Fitzsimons, F. W. 


Gay and Hancock, 


Pott 4to. 
W. Heinemann, Ltd., 1923.) 


The Natural History of South 
Africa: Birds. In 2 vols. Cr. 8vo. Vol. 1. Pp. xvi+ 
288 +5 plates. Vol.2. Pp. vii+323+5plates. (London: 
Longmans, Green and Co., 1923.) 12s. 6d. net each vol.* 

Gatty, Margaret. Parables from Nature. (Queen’s 
Treasures Series.) Small Cr. 8vo. Pp. vi+21o +8 plates. 
(London: G. Bell and Sons, Ltd., 1923.) 4s. net. 

Gladstone, Hugh S. Notes on the Birds of Dumfries- 
shire: a Continuation of The Birds of Dumfriesshire. 
Med. 8vo. Pp. 115+4 plates. (Dumfries: Dumfries and 
Galloway Natural History and Antiquarian Society, 1923.) 
net.* 

Holmes, S. J. 
Demy 8vo. Pp. v +261. 
and Co., 1923.) * 

Hume, E. Douglas. Béchamp or Pasteur? a 
Chapter in the History of Biology. 
by Montagu R. Leverson. Cr. 
(Chicago: Covici-McGee; London: 
and Co., Ltd., 1923.) 6s. net.* 

Karsten, G., und Schenck, H., Herausgegeben von. 
Vegetationsbilder. Reihe 15, Heft 2: Korsika, von M. Rikli 
und E. Ritbel. Grundzahl: 3 marks. Reihe 15, Heft 3-4: 
Vegetationsbilder aus Florida, von J. C. Th. Uphof. 
Grundzahl: 6 marks. (Jena: Gustav Fischer, 1923.) 

Kearton, Richard. Wild Bird Adventures: a Nature 
Story Book for Boys and Girls. Cr. 8vo. Pp. ix+181 + 
32 plates. (London, New York, Toronto and Melbourne : 
Cassell and Co., Ltd., 1923.) 5s. net.* 

Long, William J. Mother Nature: a Study of Animal 
Life and Death. Gl. 4to. Pp. vii+330+8 plates. (New 
York and London: Harper and Bros., 1923.) 12s. 6d. net. 

Mayer, Charles. Trapping Wild Animals in Malay 
Jungles. Third impression. Cr. 8vo. Pp. 223. (London: 
T. Fisher Unwin, Ltd., 1923.) 6s. net. 

Mesopotamia Expeditionary Force ‘‘ D,”’ 1915-1919, 
Made by Members of the. A Survey of the Fauna of 
Iraq : The Papers on 


Studies in Evolution and Eugenics. 
(New York: Harcourt, Brace 


Lost 

Founded upon MS. 
8vo. Pp. viii +296. 
Simpkin, Marshall 


Mammals, Birds, Reptiles, etc. 
the above were first published in the Journal of the 
Bombay Natural History Society during the Years 1918— 
1923, and are now reprinted and published in one volume 
with the authority of the Iraq Government. Roy. 8vo. 
Pp. xxi+404+20 plates. (Bombay: Bombay’ Natural 
History Society ; 3asra and Baghdad: The Times 
Printing and Publishing Co., Ltd.; London: Dulau and 
Co., Litd.,. 1923.) ros. net.* 
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Ministry of Agriculture and Fisheries. Fishery | 


Investigations, Series 2, Vol. 6, No. 1: Report on Seasonal 
Variation in the Chemical Composition of Oysters (based 
on the Work of the Government Chemist). By E. S. Russell. 
Imp. 8vo. Pp. 24. (London: H.M. Stationery Office, 
1923.) 3s. net.* 

Ministry of Agriculture and Fisheries. Fishery 
Investigations, Series 2, Vol. 6, No. 2: Quantitative 
Studies on the Fauna of the Sea Bottom. No. 1: Pre- 
liminary Investigation of the Dogger Bank. By F. M. 
Davis. Imp. 8vo. Pp. 54. (London: H.M. Stationery 
Office, 1923.) 6s. net.* 

Mitchell, P. Chalmers, Edited by. The Pageant 
of Nature: British Wild Life and its Wonders. Sup. 
Roy. 8vo. Part17. Pp.1121-1184. Part18. Pp. 1185- 
1248. (London: Cassell and Co., Ltd., 1923.) 1s. 3d. net 
each part.* 

Olbricht, K. Klima und Entwicklung: Versuch einer 
Bioklimatik des Menschen und der Saugetiere. (Jena: 
Gustav Fischer, 1923.) Grundzahl: 3 marks. 

Oltmanns, Friedrich. Morphologie und Biologie der 
Algen. Zweite, umgearbeitete Auflage. Band 3: Morpho- 
logie, Fortpflanzung, Die Ernahrung der Algen, Der 
Haushalt der Gewasser, Die Lebensbedingungen, Vegeta- 
tionsperioden, Das Zusammenleben. (Jena: Gustav 
Fischer, 1923.) Grundzahl: 10 marks. 

Pienaar, A. A. Maanhaar: the Adventures of a 
Lion-Family and other East African Sketches. Trans- 
lated from the Afrikaans by B. and E. D. Lewis. School 
edition. Cr.8vo. Pp.xv +256. (London: Longmans, Green 
and Co., 1923.) 3s. 

Plate, Ludwig. Allgemeine Zoologie und Abstam- 
mungslehre. Zweiter Teil: Sinnesorgane. (Jena: Gustav 
Fischer, 1923.) Grundzahl: 20 marks. 

Ramsay, Col. R. G. Wardlaw. Guide to the Birds 
of Europe and North Africa. With a _ Biographical 
Memoir by William Eagle Clarke. Cr. 8vo. Pp. xi +355. 
(London and Edinburgh: Gurney and Jackson, 1923.) 
12s. 6d. net.* 

Sarasin, F., und Roux, J. Nova Caledonia: Forschung- 
en in Neu-Caledonien und auf den Loyalty-Inseln. 
4to. A: Zoologie. Band 3. Lieferung 1: Chilopodes 
de la Nouvelle-Calédonie et des [les Loyalty, von H. 
Ribaut. Lieferung 2: Diptéres pupipares de la Nouvelle 
Calédonie et des Iles Loyalty, von L. Falcoz. Lieferung 
3: Locustide et phasgonuride de la Nouvelle Calédonie 
et des Iles Loyalty, von C. Willemse. Lieferung 4: 
Acarina della Nuova Caledonia et delle Isole Loyalty, 
von A. Berlex. Lieferung 5: Sur une nouvelle espéce 
de Hannemannia, Oudms., von A.C. Oudemans. Lieferung 
6: Mollusques terrestres de la Nouvelle-Calédonie et des 
Iles Loyalty, von Ph. Dautzenberg. Pp. 156. (Berlin: 
C. W. Kreidel, 1923.) Grundzahl: 15 marks. 

Seaby, Allen W. Skewbald: the New Forest Pony. 
Pott 4to. Pp. 158. (London: A. and C. Black, Ltd., 
1923.) 5s. net. 

Senior-White, Ronald. Catalogue of Indian Insects. 
Sup. Roy. 8vo. Part 2: Culicide. Pp. iv+124. 1.10 
rupees. Part 3: Bombyliide. Pp. ii+31. 8 annas. 
(Calcutta : Government Printing Office, 1923.) * 

Smith, A. Bernard. Poisonous Plants of all Coun- 
tries. Second edition. Cr. 8vo. Pp. 112. (London: 
Bailliére, Tindall and Cox, 1923.) 6s. net. 

Strasburger-Koernicke. Das kleine botanische Prak- 
tikum fiir Anfanger: Anleitung zum Selbststudium der 
mikroskopischen Botanik und Einfiihrung in die mikro- 
skopische Technik. Zehnte Auflage, bearbeitet von Max 
Koernicke. (Jena: Gustav Fischer, 1923.) Grundzahl: 
6 marks. 

Thorburn, A., Written and Illustrated by. Game 
Birds and Wild-Fowl of Great Britain and Ireland. Imp. 
4to. Pp. vii+79+30 plates. (London: Longmans, 
Green and Co., 1923.) 105s. net.* 

Westell, W. Percival, Edited by. The Book of 
Nature. Roy. 8vo. Pp. 355. (London: Oxford Univer- 
sity Press, 1923.) 10s. 6d. net. 

Wheeler, William Morton. Social Life among the 
Insects. Demy 8vo. Pp. vii+375. (London, Bombay 
and Sydney: Constable and Co., Ltd., 1923.) 16s. net.* 


Horticulture: Forestry: Agriculture 


Knapp, Arthur W. The Cocoa and Chocolate In- 
dustry: the Tree, the Bean, the Beverage. (Pitman’s 
Common Commodities and Industries.) Cr. 8vo. Pp. 
xii+147. (London: Sir I. Pitman and Sons, Ltd., 1923.) 
3s. net.* 

MacDonald, James. Lawns, Links and _ Sports- 
fields. Cr.8vo. Pp.ix+78+8 plates. (London: Country 
Life, Ltd.; George Newnes, Ltd.; New York: Charles 
Scribner’s Sons, 1923.) 5s. net.* 

Nowell, William. Diseases of Crop-plants in the 
Lesser Antilles. (Published on behalf of the Imperial 
Department of Agriculture.) Demy 8vo. Pp. xix +383 
+56 plates. (London: The West India Committee, 
14 Trinity Square, 1923.) 12s. 6d. net.* 

Roberts, H. Armstrong. Commercial Poultry Rais- 
ing: a Thoroughly Practical and Complete Reference 
Work for the Amateur, Fancier or General Farmer, 
especially adapted to the Commercial Poultryman ; 
containing a Description of all Recognised Breeds of 
Fowls, including Turkeys, Ducks, Geese and Pigeons ; 
Special Chapters on Artificial Incubation and Brooding, 
Diseases of Poultry and their Treatment, Breeding for 
Increased Egg Production, Feeding Formulas, Fattening 
and Marketing, also numerous Working Plans and De- 
scriptious of the most Improved Types of Houses, Yards, 
Labor-saving Appliances and Equipment generally. 
Demy 8vo. Pp. xix+588. (London: Chapman and 
Hall, Ltd., 1923.) 15s. net.* 

Rubber Growers’ Association. A Handbook on 
Rubber Uses and their Development. Pp. 162. (London: 
The Rubber Growers’ Association, Inc., 1923.) 2s. 6d. 

Thompson, Homer C. Vegetable Crops. (McGraw- 
Hill Agricultural and Biological Publications.) Med. 8vo. 
Pp. ix+478. (London: McGraw-Hill Publishing Co., 
Ltd., 1923.) 22s. 6¢.* 


Anatomy: Physiology 


Berg, Ragnar. Vitamins: a Critical Survey of the 
Theory of Accessory Food Factors. Translated from the 
German by Eden and Cedar Paul. Demy 8vo. Pp. 415. 
(London: G. Allen and Unwin, Ltd., 1923.) 18s. net.* 

Bourguignon, Georges. La Chronaxie chez l’homme : 
étude de physiologie générale des systemes neuro-mus- 
culaires et sensitifs. Roy. 8vo. Pp. 417. (Paris: Masson 
et Cie, 1923.) 35 francs. 

Hahn, Amandus. Grundriss der Biochemie fiir Studie- 
rende. Roy. 8vo. Pp. iv+265. (Stuttgart: Ferdinand 
Enke, 1923.) Grundzahl: 6.60 marks. 

Hopkins, F. Gowland. Newer Aspects of the Nutri- 
tion Problem. Med. 8vo. Pp. 19. (New York: Col- 
umbia University Press; London: Oxford University 
Press, 1923.) 1s. 6d. net.* 


Anthropology: Archzology 


Burger, Fr. Unter den Kannibalen der Siidsee: 
Studienreise durch die melanesische Inselwelt. 8vo. Pp. 
viii +223. (Dresden: Deutsche Buchwerkstatten, 1923.) 
Grundzahl : 9 marks. 

Pape, Capt. A. G. Is there a New Race Type? 
and The Philosophy Behind. Gl. 8vo. Pp. 29+29. 
(Edinburgh : Fyall and Maine, 1923.) 2s. 6d. net.* 

Roth, H. Ling. The Maori Mantle: and Some Com- 
parative Notes on N.W. American Twined Work. Sup. 
Roy. 8vo. Pp. 124+22 plates. (Halifax: Bankfield 
Museum, 1923.) * 

Thomson, J. Arthur. Whatis Man? Cr. 8vo. : 
ix+244. (London: Methuen and Co., Ltd., 1923.) 
6s. 6d. net.* 


Philosophy: Psychology 


Alexander, Hartley Burr. Nature and Human 
Nature : Essays Metaphysical and Historical. Demy 8vo. 
Pp. x+529. (Chicago and London: The Open Court 
Publishing Co., 1923.) 15s. net.* 
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Aurelius Antoninus, Marcus. The Thoughts at the. 
Emperor Marcus Aurelius Antoninus. Translated by 
George Long. Med. 8vo. Pp. iili+156. (London: Martin 
Hopkinson and Co., Ltd., 1923.) tos. 6d. net.* 

Cassirer, Ernst. Substance and Function and 
Einstein’s Theory of Relativity. Authorised Translation 
by William Curtis Swabey and Marie Collins Swabey. 
Med. 8vo. Pp. xii+465. (Chicago and London: The 
Open Court Publishing Co., 1923.) 3.75 dollars.* 

Dulley, William. Body, Soul and Spirit: an 
Attempt to portray the Human Mind as a Tangible 
Idea. Ex.Cr.8vo. Pp. 279. (London: Heath Cranton, 
Ltd., 1923.) 7s. 6d. net. 

Hadfield, J. A. Psychology and Morals: an Analysis 
of Character. Second edition. Cr. 8vo. Pp. vii+186. 
(London: Methuen and Co., Ltd., 1923.) 6s. net.* 

Hunter, Walter S. General Psychology. Revised 


edition. Cr. 8vo. Pp. 368. (Cambridge: At _ the | 


University Press, 1923.) Ios. net. 

Jarre, V. Dualité de la matiére: Essai sur le 
mécanisme du renouvellement des mondes. Imp. 16mo. 
Pp. 304. (Paris: Félix Alcan, 1923.) 10 francs net.* 

Jones, Ernest. Papers on Psycho-Analysis. Third 
edition. Med.8vo. Pp.x+731. (London: Bailliére, Tin- 
dali and Cox, 1923.) 25s. net. 

Kennedy-Fraser, David. The Psychology of Educa- 
tion. Cr. 8vo. Pp. viii+2or. (London: Methuen and 
Co., Ltd., 1923.) 6s. 6d. net. 

Montet, Ch. de. The Primary Problems of Medical 
Psychology : a Textbook for Students and Practitioners. 
Translated by A. Newbold. Cr. 8vo. Pp. vii+142. 
(London: J. Bale, Sons, and Danielsson, Ltd., 1923.) 
7s. 6d. net. 

Sampson, Rev. Holden Edward. Koinénia Ek- 
Klesias (The Communion of the Ek-Klesia): a revised 
version of the Writer’s original pamphlet, ‘“‘ The Revival 
of Mysticism,’’ together with The Old Testament and The 
New Testament, Two Epochs of the One Covenant of 
God. Fcap. 8vo. Pp. 63. (Birmingham: The Ek- 
Klesia Press, Wythall ; London: W. Rider and Son, Ltd., 
1923.) 1s.* 

Sampson, Rev. Holden Edward. The Doctrine and 
Historicity of Pre-Existence and Reincarnation : together 
with the Law of Redemptive Evolution. Fcap. 8vo. Pp. 
56. (Birmingham: The Ek-Klesia Press, Wythall; 
London: W. Rider and Son, Ltd., 1923.) 1Is.* 

Sampson, Rev. Holden Edward. The Songs of the 
Beginning: an Interpretation of the Story of Creation 
and the Fall, recounted in the Book of ‘‘ Genesis.”’ Cr. 
8vo. Vol. 1. Pp. vii+303. (Birmingham: The Ek- 
Klesia Press, Wythall ; London: W. Rider and Son, Ltd., 
1923.) 3s. 6d.* 

Sampson, Rev. Holden Edward. Practical Mysticism 
Plainly Put: two Courses of Lectures given in London 
in March and April 1922 on “ The Sacred Principles of 
the Path of the Divine Mysteries: Essentials of Re- 
Generation and Perfection.’”” Cr. 8vo. Pp. v+163. 
(Birmingham: The Ek-Klesia Press, Wythall; London : 
W. Rider and Son, Ltd., 1923.) 35s. 6d.* 

Sampson, Rev. Holden Edward. Portraits of Jesus. 
Cr. 8vo. First Series: a Series of Nine Lessons depicting 
Various Aspects of the Great Master. Pp. vii+172. 
(Birmingham: The Ek-Klesia Press, Wythall; London : 
W. Rider and Son, Ltd., 1923.) 35s. 6d.* 

Santayana, George. The Unknowable: the Herbert 
Spencer Lecture delivered at Oxford, 24 October 1923. 
Demy 8vo. Pp. 29. (Oxford: Clarendon Press ; London: 
Oxford University Press, 1923.) 2s. net.* 

Schweitzer, Albert. The Philosophy of Civilisation. 
Demy 8vo. Part 1: The Decay and the Restoration of 
Civilisation (The Dale Memorial Lectures, 1922). Trans- 
lated by C. T. Campion. Pp. 121. (London: A. and C. 
Black, Ltd., 1923.) 5s. net. 

Semon, Richard. Mnemic Psychology. Translated 
from the German by Bella Duffy. Demy 8vo. Pp. 343. 
(London: G. Allen and Unwin, Ltd., 1923.) 14s. net.* 

Study, E. Die realistische Weltansicht und die Lehre 
vom Raume. Zweite umgearbeitete Auflage. Erster 
Teil: Das Problem der Aussenwelt. (Einzeldarstellungen 
aus der Naturwissenschaft und der Technik, Band 54.) 
Pp. x +83. (Braunschweig: F, Vieweg und Sohn, 1923.) 
Grundzahl : 3.5 marks. 


Walsh, James J. Psychotherapy : Suggestion in the 


’ Treatment of Dise ase, with the Principles for the Employ- 
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| 
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| 


ment of Energies derived from the Mind for the Relief 
of Functional Ailments. Revised edition. Roy. 8vo. 
Pp. xxix +846. (New York and London: D. Appleton 
and Co., 1923.) 30s. net. 

Wohlgemuth, A. A Critical Examination of Psycho- 
Analysis. Demy 8vo. Pp. 250. (London: G. Allen 
and Unwin, Ltd.; New York: The Macmillan Co., 1923.) 
tos. 6d. net.* 

Yermoloff, Nicolas. Y a-t-il continuité dans le 
monde physique ? Gl. 8vo. Pp.x+48. (Paris: Gaston 
Doin, 1923.) 3.50 francs.* 


Medicine: Surgery 


Alexander, G. F. Principles of Ophthalmoscopy and 
Skiascopy. Demy 8vo. Pp. viii +7 (London: J. and 


> 


| A. Churchill, 1923.) 5s. net.* 


Ardin-Delteil, P., et Soubeyran, P. Manuel de 
petite chirurgie et de technique médicale journaliére. Roy. 
8vo. Pp. 928. (Paris: Masson et Cie, 1923.) 45 francs. 

Barnes, Jr., Francis M. An Introduction to the 
Study of Mental Disorders. Second edition, revised and 
enlarged. Roy. 8vo. Pp. 290. (London: Henry Kimpton, 
1923.) 18s. net. 

Beck, Joseph C. Applied Pathology in Diseases of 
the Nose, Throat and Ear. Roy. 8vo. Pp. 280. (London: 
Henry Kimpton, 1923.) 37s. 6d. net. 

Blair, Vilray Papin, and Ivy, Robert Henry. 
Essentials of Oral Surgery. Roy. 8vo. Pp. 526. (London: 
Henry Kimpton, 1923.) 32s. net. 

Brugsch, Theodor, und Schittenhelm, A., Heraus- 
gegeben von. Klinische Laboratoriumstechnik. Band 1. 
Pp. 681. (Berlin und Wien: Urban und Schwarzenberg, 


1923.) 
Burford, George. Cancer: the Increasing Plague of 
the Century. An Address delivered in the first instance 


to Sisters and Nurses of the London Homceopathic Hospital, 
later revised and amplified. Roy. 8vo. Pp. 36. (London: 
J. Bale, Sons, and Danielsson, Ltd., 1923.) 35s. 6d. net. 

Davis, W. Clyde. Essentials of Operative Dentistry. 
Fourth revised edition. Roy. 8vo. Pp. 365. (London: 
Henry Kimpton, 1923.) 32s. net. 

Enriquez, Dr., et Durand, Gaston. Les Ulcéres de 
l’estomac et du duodénum: Diagnostic clinique radio- 
scopique et radiographique. (Collection Médecine et 
Chirurgie pratiques.) Roy. 8vo. Pp. 184 +8 planches. 
(Paris : Masson et Cie, 1923.) 10 francs. 

Falta, Wilhelm. Endocrine Diseases : including their 
Diagnosis and Treatment. Third edition. 4to. Pp. 669. 
(London: J. and A. Churchill, 1923.) 36s. net. 

Farabeuf, L.-H. Précis de manuel _ opératoire. 
Nouveau tirage. Roy. 8vo. Pp. 1092. (Paris: Masson 
et Cie, 1923.) 30 francs. 

Fergus, A. Freeland. The Ophthalmoscope and 
How to Use it; with a chapter on Diplopia. Demy 8vo. 
Pp. 48. (London: J. and A. Churchill, 1923.) 3s. 6d. net. 

Flags, P. J. The Art of Anesthesia. Third edition. 
Pp. 371. (Philadelphia and London: J. B. Lippincott 
Co., 1923.) 18s. net. 

Foote, Edward Milton. A Text-book of Minor 
Surgery. Fifthedition. Roy.8vo. Pp. xxxi+845. (New 
York and London: D. Appleton and Co., 1923.) 35s. net. 

Gould, Sir Alfred Pearce. Elements of Surgical 
Diagnosis. Sixth edition, revised by Eric Pearce Gould. 
Feap. 8vo. Pp. xiv+739+20 plates. (London: Cassell 
and Co., Ltd., 1923.) 12s. 6d. net. 

Haglund, ‘Patrik. Die Prinzipien der Orthopadie : 
Versuch zu einem Lehrbuch der funktionellen Orthopadie. 
(Jena: Gustav Fischer, 1923.) Grundzahl: 20 marks. 

Imbert, Léon, Oddo, C., et Chavernac, P. Accidents 
du travail: Guide pour l’évaluation des incapacités. 
2¢ édition. Roy. 8vo. Pp. 936. (Paris: Masson et Cie, 
1923.) 40 francs. 

Kingscote, Ernest. Movement in Organic Disease. 
Demy 8vo. Pp.xx+187. (London: Bailliére, Tindall and 
Cox, 1923.) tos. 6d. net. 

Lejars, F. Un Hopital militaire 4 Paris, pendant la 
guerre: Villemin 1914-1919. Ex.Cr.8vo. Pp. 364. (Paris; 
Masson et Cie, 1923.) tro francs, 
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Lindsay, James Alexander. Medical Axioms, Aphor- , 
isms, and Clinical Memoranda. Second impression. Cr. 8vo. 
Pp. 194. (London: H. K. Lewis and Co., Ltd., 1923.) 6s. net. 

Lomba, J. Lopez. Etudes expérimentales et critiques 
sur l’avitaminose. Roy. 8vo. Pp. 347. (Paris: Jouve 
et Cie, 1923.) 

Mallié, Henri. Les Infections paratyphoides et 
gaertneriennes: Etude clinique et thérapeutique. Imp. 
16mo. Pp. 196. (Paris: A. Maloine et fils, 1923.) 
8 francs net. 

Medical Research Council: Special Report Series. 
No. 79: Bacteriological and Clinical Observations on 
Pneumonia and Empyemata; with Special Reference to 
the Pneumococcus and to Serum Treatment. (London : 
H.M. Stationery Office, 1923.) 5s. net. 

Naunyn, B. Versuch einer Ubersicht und Ordnung 
der Gallensteine des Menschen nach Anlage und Struktur, 
nach Alter und Standort der Steine. (Jena: Gustav 
Fischer, 1923.) Grundzahl: 6 marks. 

Neuhof, Selian. The Heart: its Physiology, Path- 
ology and Clinical Aspects. Roy. 8vo. Pp. 7o1. (Lon- 
don: S. C. Phillips and Co., 1923.) 50s. net. 

Okinczyc, J. Cancer de l’intestin. Roy. 8vo. Pp. 
236. (Paris: Gaston Doin, 1923.) 15 francs. 

Ombrédanne, L. Précis clinique et opératoire de 
chirurgieinfantile. (Collection de Précis médicaux.) Cr. 8vo. 
Pp. xvi+1140. (Paris: Masson et Cie, 1923.) 40 francs. 

Ozenne, E. Hygiene prophylactique des hémor- 
roidaires. Cr. 8vo. Pp. 175. (Paris: Masson et Cie, 
1923.) 8 francs. 

Poulard, Dr. Traité d’ophtalmologie. 2 vols. Roy. 
8vo. Pp. 1458. (Paris: Masson et Cie, 1923.) 120 francs. 

Ribemont-Dessaignes et Lepage, G.  Traité d’ob- 
stétrique. Neuviéme édition revue et mise a jour par 
V. Le Lorier. Roy. 8vo. Pp. xiv+1574. (Paris: Masson et 
Cie, 1923.) 65 francs. 

Robertson, Janet P. The Nursing of Surgical 
Tuberculosis in Children; with Chapters on Plaster 
Work. 1t2mo. Pp. 98. (London: The Scientific Press, 
Ltd., 1923.) 3s. net. 

Schanz, A. Handbuch der orthopadischen Technik : 
fiir Arzte und Bandagisten. Zweite, durchgesehene und 
verbesserte Auflage. (Jena: Gustav Fischer, 1923.) 
Grundzahl : 20 marks. 

Schindler, Rudolf. Lehrbuch und Atlas der Gastro- 
skopie. Roy. 8vo. Pp. viii +132 +20Tafeln. (Miinchen: 
J. F. Lehmann, 1923.) 


Wegele, Carl. Die Therapie der Magen- und Darm- 


erkrankungen. Fiinfte, umgearbeitete Auflage. (Jena: 
Gustav Fischer, 1923.) Grundzahl: 9 marks. 

Whitman, Royal. A Treatise on Orthopaedic Surgery. 
Seventh edition, thoroughly revised. Roy. 8vo. Pp. 993. 
(London: Henry Kimpton, 1923.) 42s. net. 

Williams, Leonard. Minor Maladies and their Treat- 
ment. Fifth edition. Cr. 8vo. Pp. 427. (London: 
Bailliére, Tindall and Cox, 1923.) 7s. 6d. net. 


Miscellaneous 


Ackermann, A. S. E. Popular Fallacies Explained 
and Corrected. (With Copious References to Authorities. ) 
Third edition. Ex. Cr. 8vo. Pp. xvi+984, (London: 
The Old Westminster Press, 1923.) 12s. 6d. net.* 

Baudouin, Charles. Tolstoi: the Teacher. Author- 
ised Translation by Fred Rothwell; with Hitherto Un- 
published Documents supplied by Paul Biroukof. Cr. 8vo. 
Pp. v +218. (London: Kegan Paul and Co., Ltd. ; New 
York: E. P. Dutton and Co., 1923.) 6s. 6d. net.* 

Beard, James T. Mine Examination Questions and 
Answers: compiled from Examinations for Positions of 
Mine Inspector, Mine Foreman, Assistant Foreman, 
Fireboss, Hoisting Engineer, Safety Inspector and Shot- 
firer. Ex. Cr. 8vo. Part 1. Pp. vii+258. Part 2. 
Pp. vi + 259-546. Part 3. Pp. vi + 547-872. (New 
York and London: McGraw-Hill Book Co., Inc., 1923.) 
3 parts, 37s. 6d.* 

British Association. The Advancement of Science, 
1923: Addresses delivered at the gist Annual Meeting 
of the British Association for the Advancement of Science, 
Liverpool, September 1923. Demy 8vo. Pp. 24+34+ 


24+25+18+12+ 24 +13 +22 +18 +25 +21 + 12 + IO. 
(London: John Murray, 1923.) 6s.* 


Corbin, Thomas W. The Wonders of Scientific 
Invention. Cr.8vo. Pp.2i9. (London: Seeley, Service 
and Co., Ltd., 1923.) 3s. net. 

Evarts, Hal G. Tumbleweeds. Cr. 8vo. Pp. 316. 
(London: Hodder and Stoughton, Ltd., 1923.) 7s. 6d. net.* 

Everitt, Frank, and Heywood, Johnson. Cost 
Control for Foundries. Edited by William R. Basset. 
Med. 8vo. Pp. vii+226. (London: McGraw-Hill Pub- 
lishing Co., Ltd., 1923.) 15s.* 

Gibson, Charles R. Great Inventions and How they 
were Invented. Cr. 8vo. Pp. 240. (London: Seeley, 
Service and Co., Ltd., 1923.) 5s. net. 

Hackett, J. My Commonplace Book. Fourth 
edition, revised and enlarged. Demy 8vo. Pp. xxiv 
+438. (London: Macmillan and Co., 1923.) 12s. 6d. net.* 

Harbarger, S. A. English for Engineers. Cr. 8vo. 
Pp. xiii+266. (London: McGraw-Hill Publishing Co., 
Ltd., 1923.) 1os.* 

Hart, Ivor B. Makers of Science: Mathematics, 
Physics, Astronomy. Cr. 8vo. Pp. 320. (London: 
Oxford University Press, 1923.) 6s. net.* 

Hunter, Merlin H., and Watkins, Gordon S. The 
Background of Economics. Ex. Cr. 8vo. Pp. x +514. 
(New York and London: McGraw-Hill Book Co., Inc., 
1923.) 15s.* 

Jackson, Benjamin Daydon. Linnzus (afterwards 
Carl von Linné): the Story of his Life, adapted from the 
Swedish of Theodor Magnus Fries, Emeritus Professor of 
Botany in the University of Uppsala, and brought down 
to the Present Time in the Light of Recent Research. 
Demy 8vo. Pp. xv+416+8 plates. (London: H. F. 
and G. Witherby, 1923.) 25s. net.* 

Mitchell, C. Ainsworth. The Expert Witness and 
the Applications of Science and of Art to Human Identifica- 
tion, Criminal Investigation, Civil Actions and History. 
Cr. 8vo. Pp. xv+188+24 plates. (Cambridge: W. 
Heffer and Sons, Ltd., 1923.) 7s. 6d. net.* 

Moulton, Harold G., and McGuire, Constantine E. 
Germany’s Capacity to Pay: a Study of the Reparation 
Problem. (The Institute of Economics: Investigations 
in International Economic Reconstruction.) Cr. 8vo. 
Pp. xiii+384. (London: McGraw-Hill Publishing Co., 
Ltd., 1923.) 12s. 6d. net.* 

Palgrave’s Dictionary of Political Economy. Edited 
by Henry Higgs. Demy 8vo. Vol. 2: F-M. Pp. xix+ 
g62. (London: Macmillan and Co., Ltd., 1923.) 36s. net.* 

Palmer, Thos. F. A _ Technical Dictionary: in 
English, Spanish, and Portuguese. Demy 8vo. Pp. 73. 
(London: E Marlborough and Co., 1923.) 7s. 6d. net. 

Patrick, David, and Geddie, William, Edited by. 
Chambers’s Encyclopedia: a Dictionary of Universal 
Knowledge. New edition. Imp. 8vo. Vol. 3: Catarrh 
to Diophantus. Pp. iv+836. (London and Edinburgh : 
W. and R. Chambers, Ltd. ; Philadelphia: J. B. Lippin- 
cott Co., 1923.) 20s. net.* 

Pupin, Michael. From Immigrant to Inventor. 
Med. 8vo. Pp. vii+396+16 plates. (New York and 
London: Charles Scribner’s Sons, 1923.) 18s.* 

Russell, Bertrand, in Collaboration with Russell, 
Dora. The Prospects of Industrial Civilization. Cr. 8vo. 
Pp. 283. (London: G. Allen and Unwin, Ltd., 1923.) 
7s. 6d. net.* 

Stedman, Thomas L. A Practical Medical Dictionary. 
Seventhedition. Roy. 8vo. Pp.1144. (London: Bailliére, 
Tindall and Cox, 1923.) 35s. net. 

Wien, W. Goethe und die Physik: Vortrag gehalten 
in der Miinchner Universitat am 9. Mai 1923. Demy 8vo. 
Pp. 39. (Leipzig: J. A. Barth, 1923.) Grundzahl: 
1.2 marks.* 

Wilson, Margaret Barclay. Essays and Studies in 
Honor of Margaret Barclay Wilson: Teacher, Physician, 
Librarian, Author. Demy 8vo. Pp. xiv+151. (New 
York: Columbia University Press; London: Oxford 
University Press, 1923.) 13s. 6d. net.* 

Wireless Amateur’s Diary and Note Book, 1924, The 
Pp. 48+32+Diary. (London: The Wireless Press, Ltd. ; 
New York: Wireless Press, Inc., 1923.) Is. net.* 

Wireless Experimenter’s Diary and Note Book 
1924, The. Pp. 40+32+Diary. (London: The Wireless 
Press, Ltd.; New York: Wireless Press, Inc., 1923.) 
2s. 6d. net.* 
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Recent Scientific and Technical Books. 
Volumes marked with an asterisk have been received at ‘* NATURE” Office. 


Mathematics 


Ballard, P.B. Algebra Test. (New Examiner Tests.) 
Cr. 8vo. (London: Hodder and Stoughton, Ltd., 1923.) 
1s. 3d. net per doz. 

Ballard, P. B. Mechanical Arithmetic Test. (New 
Examiner Tests.) Cr. 8vo. (London: Hodder and 
Stoughton, Ltd., 1923.) 1s. 3d. net per doz. 

Ballard, P. B. Reasoning Arithmetic Test. (New 
Examiner Tests.) Cr. 8vo. (London: Hodder and 
Stoughton, Ltd., 1923.) 1s. 3d. net per doz. 

Born, Max. Atomtheorie des festen Zustandes 
(Dynamik der Kristallgitter). (Fortschritte der mathe- 
matischen Wissenschaften in Monographien, Heft 4.) 
Zweite Auflage. Roy. 8vo. Pp. vi+527-789. (Leipzig 
und Berlin: B. G. Teubner, 1923.) 3s. 8d.* 

Caithness, J. W. Practical Mathematics. Cr. 8vo. 
Pp. 326. (London and Edinburgh: W. and R. Chambers, 
Ltd., 1923.) 3s. net. 

Castle, Frank. Four-figure Mathematical Tables. 
Demy 8vo. Pp. 48. (London: Macmillan and Co., Ltd., 
1923.) 1Is.* 

Chapman, E.H. A General Text-book of Elementary 
Algebra. Cr. 8vo. Pp. 519. (London, Glasgow and 
Bombay : Blackie and Son, Ltd., 1923.) 7s. 6d. net. 

Chapman, E.H. A General Text-book of Elementary 
Algebra. Cr. 8vo. Part 3. (London, Glasgow and 
Bombay: Blackie and Son, Ltd., 1923.) 4s. 6d. net. 

Davis, Ellery Williams, and Brenke, William 
Charles. The Calculus. Revised edition. Cr. 8vo. 
Pp. x+346+65. (New York: The Macmillan Co. ; 
London: Macmillan and Co., Ltd., 1923.) 12s. net. 

Ford, Walter Burton. A Brief Course in College 
Algebra. (Mathematical Texts Series.) Cr. 8vo. Pp. 
vii+264. (New York: The Macmillan Co.; London: 
Macmillan and Co., Ltd., 1923.) ros. 6d. net. 

Ford, Walter Burton, and Ammerman, Charles. 
Plane and Solid Geometry. (Mathematical Texts Series.) 
Edited by Earle Raymond Hedrick. Second revised 
edition. Cr. 8vo. Pp. xi+356+xxviii, (New York: 
The Macmillan Co.; London: Macmillan and Co., Ltd., 
1923.) 7s. 6d. net.* 

Foster, V. Le Neve. Plane Geometry: Practical 
and Theoretical. (Bell’s Mathematical Series.) Cr. 8vo. 
(London: G. Bell and Sons, Ltd., 1923.) 5s. 6d. net. 

Gibbs, R.W.M. Engineering Mathematics. Gl. 8vo. 
Part 1. Pp. iv+64+iv. (London, Glasgow and Bom- 
bay: Blackie and Son, Ltd., 1923.) 1s. 6d.* 

Gibbs, R. W. M. Technical Arithmetic. Cr. 8vo. 
Pp. viii+168. (London, Glasgow and Bombay: Blackie 
and Son, Ltd., 1923.) 3s. 6d. net.* 

Grant’s Advanced Arithmetic. Cr. 8vo. Pp. iv+136. 

(London and Glasgow: Grant Educational Co., Ltd., 1923.) 
Is. 6d. 
Hillier, J.L. The ‘ Individual” Arithmetic: a Four- 
Years Course of Assignments. Gl. 8vo. (Individual 
Work Assignments.) First year: Contract 1. Pp. 68. 
(London: G. Philip and Son, Ltd., 1923.) od. 

Irwin, J. O. On Quadrature and Cubature: or On 
Methods of determining Approximately Single and Double 
Integrals. (Department of Applied Statistics (Computing 
Section), University of London, University College: Tracts 
for Computers, No. 10.) Roy. 8vo. Pp. 78. (London: 
Cambridge University Press, 1923.) 7s. 6d. net.* 

Pearl, Raymond. Introduction to Medical Biometry 
and Statistics. Med. 8vo. Pp. 379. (Philadelphia and 
London: W. B. Saunders Co., 1923.) 25s. net.* 

Pullar, Adeline. Geometry for Teachers of Young 
Children. Revised by H. E. J. Curzon and M. Agnes 
Taylor. Cr. 8vo. Pp. 185. (London: G. Allen and 
Unwin, Ltd., 1923.) 4s. 6d. net. 

Sanden, H. von. Practical Mathematical Analysis. 
With Examples of the Translator, H. Levy. Demy 8vo. 
Pp. xv+195. (London: Methuen and Co., Ltd., 1923.) 
Tos. 6d. net.* 

Smith, D. E. Mathematics. (Our Debt to Greece 
and Rome Series.) Cr.8vo. Pp. 175. (London, Calcutta 
and Sydney: G. G. Harrap and Co., Ltd., 1923.) 5s. net. 


Verriest, G. Cours de mathématiques générales, a 
l’usage des étudiants en sciences naturelles. 8vo. Tomer: 
Calcul différentiel, Géométrie analytique 4 deux dimensions. 
Pp. 337. (Paris: Gauthier-Villars et Cie, 1923.) 38 francs. 


Mechanics: Physics 


Beck, Conrad. The Microscope. Demy 8vo. Part 
2: An Advanced Handbook; a Sequel to ‘‘ The Micro- 
scope: a Simple Handbook.’’ Pp. 231. (London: R. 
and J. Beck, Ltd., 1923.) 7s. 64.* 

Ewald,P.P. Kristalleund Réntgenstrahlen. (Natur- 
wissenschaftliche Monographien und Lehrbiicher, heraus- 
gegeben von der Schriftleitung der Naturwissenschaften, 
Band 6.) Roy. 8vo. Pp. ix+327. (Berlin: Julius 
Springer, 1923.) 6 dollars.* 

Kramers, H. A., and Holst, Helge. The Atom and 
the Bohr Theory of its Structure: an Elementary Pre- 
sentation. Translated from the Danish by R. P. Lindsay 
and Rachel T. Lindsay. Demy 8vo. Pp. xiii+2z10. 
(London, Copenhagen and Christiania : Gyldendal, 1923.) 
tos. 6d. net.* 

Lorentz, H. A. Clerk Maxwell’s Electromagnetic 
Theory: the Rede Lecture for 1923. Gl. 8vo. Pp. 35. 
(Cambridge : At the University Press, 1923.) 1s. 6d. net.* 

Sullivan, J. W.N. Atoms and Electrons. (People’s 
Library.) Fcap. 8vo. Pp. 188. (London and Toronto: 
Hodder and Stoughton, Ltd., 1923.) 2s. 6d. net.* 

Watson, W. A Text-book of Physics: including a 
Collection of Examples and Questions. Eighth edition, 
revised by Herbert Moss. Ex. Cr. 8vo. Pp. xx+976. 
(London: Longmans, Green and Co., 1923.) 16s. net.* 


Engineering 

Allcut, E. A., and Miller, E. Materials and their 
Application to Engineering Design: being a Practical 
Treatise for Engineers, Designers, and Others, prepared 
from the Standpoint of Works Practice. Med. 8vo. Pp. 
xiii+519. (London: C. Griffin and Co., Ltd., 1923.) 
32s. net.* 

Atkins, E. Arthur. Electric Arc and Oxy-acetylene 
Welding: a Practical Handbook for Works Managers, 
Welding Operators, and Students. Cr. 8vo. Pp. 324. 
(London : SirI. Pitman and Sons, Ltd., 1923.) 7s. 6d. net. 

Avesnes, Marcel d’. Pour construire son poste de télé- 
phonie sans fil. 8vo. Pp. 49. (Paris: Editions d’actua- 
lité, 1923.) 5 francs. 

Boy’s Wireless Book, The. Cr. 4to. Pp. 90. (Lon- 
don: George Newnes, Ltd., 1923.) 3s. 6d. net. 

Brownlie, David. Mechanical Stoking: a Practical 
Treatise on the Essentials of Machine Stoking, and the 
Construction and Operation of Mechanical Stokers; for 
Factory Owners and Managers, Engineers, Mechanics, 
Boiler Attendants, and Students. (Pitman’s Technical 
Primers: Double volume.) Fcap. 8vo. Pp. x+234. 
(London: Sir I. Pitman and Sons, Ltd., 1923.) 5s. net.* 

Burley, George W. Lathes: their Construction and 
Operation. Second revised edition. Cr. 8vo. Pp. 240. 
(London : Scott, Greenwood and Son, 1923.) 7s. 6d. net. 

Chirol,M. Apparcils de Mesures Electriques. (Biblio- 
théque Professionnelle.) Fcap. 8vo. Pp. 332. (Paris: 
J.-B. Bailliére et fils, 1923.) 12 francs net.* 

Clayton, Albert E. An Introduction to the Study of 
Alternating Currents. Demy 8vo. Pp. vii+296. (Lon- 
don: Longmans, Green and Co., 1923.) tos. 6d. net.* 

Clinch, Herbert G. The Smoke Inspector’s Hand- 
book: or Economic Smoke Abatement. Demy 8vo. 
Pp. xv +136. (London: H. K. Lewis and Co., Ltd., 
1923.) 7s. 6d. net.* 

Davey, Norman. Studies in Tidal Power. Cr. 4to. 
Pp. xiii+255. (London, Bombay and Sydney: Con- 
stable and Co., Ltd., 1923.) 32s. net.* 

Fleming, J. A. Introduction to Wireless Telegraphy 
and Telephony: Written for the General Reader not 
possessing much previous Scientific Knowledge, who is 
beginning to take an interest in Wireless Telegraphy and 
Telephony. Cr. 8vo. Pp. xi+112. (London: Sir I. 
Pitman and Sons, Ltd., 1923.) 3s. 6d. net.* 
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Gibson, Charles R., and Cole, William B. Wireless 
of To-day: describing the Growth of Wireless Telegraphy 
and Telephony from their Inception to the Present Day, 
the Principles on which they work, the Methods by which 
they are operated, and their most up-to-date Improve- 
ments, all told in Non-technical Language. (Science of 
To-day Series.) Ex. Cr. 8vo. Pp. 318+16 plates. 
(London: Seeley, Service and Co., Ltd., 1924.) 7s. 6d. net.* 

Goodwin, Eng. Vice-Admiral Sir George; Fer- 
guson, Allan; Lamb, Horace; Michell, A. G. M. ; 
Gibson, A. H.; Taylor, G. I.; Geddes, A. E. M.; 
Drysdale, C. V.; Hunt, F. R. W. The Mechanical 
Properties of Fluids in Theory and Practice: an Account 
of Recent Engineering Research. Demy 8vo. Pp. xvi+ 
376. (London, Glasgow and Bombay: Blackie and Son, 
Ltd., 1923.) 20s. net. 

Graffigny, H. de. Manuel pratique du dessinateur 
électricien. Fcap. 8vo. Pp. 196. (Paris: Libr. Des- 
forges, 1923.) 7.50 francs. 

Grimshaw, Robert. Locomotive Catechism. 
Thirtieth revised and enlarged edition. Cr. 8vo. Pp. 969. 
(London: Locomotive Publishing Co., Ltd., 1923.) 20s. net. 

Hart, Ivor B., and Laidler, W. Elementary <Aero- 
nautical Science. Cr. 8vo. Pp. vi+288. (Oxford: 
Clarendon Press; London: Oxford University Press, 
1923.) 7s. 6d. net.* 

Huebotter, H. A. Mechanics of the Gasoline Engine. 
Med. 8vo. Pp. ix+313. (London: McGraw-Hill Pub- 
lishing Co., Ltd., 1923.) 20s.* 

James, W. The Home Constructor’s Wireless Guide. 
Cr. 8vo. Pp. xii+199. (London: The Wireless Press, 
Ltd. ; New York: Wireless Press Inc., 1923.) 3s. 6d. net. 

Kemp, Philip. The Alternating Current Circuit. Cr. 
8vo. Pp. viii+88. (London: Sir I. Pitman and Sons, 
Ltd., 1923.) 2s. 6d. net.* 

Lewitt, E. H. Hydraulics: a Text-book covering 
the Syllabuses of the B.Sc.(Eng.), A.M.Inst.C.E., and 
A.M.I.Mech.E. Examinations in this subject. (Engineer- 
ing Degree Series.) Demy 8vo. Pp. viii+261. (London: 
Sir I. Pitman and Sons, Ltd., 1923.) 8s. 6d. net.* 

Maclean, Magnus. Electricity and its Practical 
Applications: a Text-book of Electrical Engineering. 
New and enlarged edition. Demy 8vo. Pp. xiv +528. 
(London, Glasgow and Bombay: Blackie and Son, Ltd., 
1923.) 10s. 6d. net. 

MacNaughton, Edgar. Elementary Steam Power 
Engineering. Demy 8vo. Pp. 590. (London: Chap- 
man and Hall, Ltd., 1923.) 25s. net. 

Morrison, Lacey H. Diesel Engines. Med. 8vo. 
Pp. xiii+598. (London: McGraw-Hill Publishing Co., 
Ltd., 1923.) 25s.* 

Rankin, Oswald J. Pictorial Wireless Circuits. 
(Radio Press Series.) Oblong Demy 8vo. Pp. 95. 
(London: The Radio Press, Ltd., 1923.) 1s. 6d. net. 

Reynolds, J. Hartley, and Morrow, G. L. Wireless 
Telephony Explained. Cr. 8vo. Pp. 124. (London: 
Cassell and Co., Ltd., 1923.) 1s. 6d. net. 

Robson, Arthur G. Engineering Science: a Text- 
book for Engineers and Engineering Students. (Directly- 
Useful Technical Series.) Demy 8vo. Pp. xi+2or. 
(London : Chapman and Hall, Ltd., 1923.) 7s. 6d. net.* 

Roussel, J. Wireless for the Amateur. Authorised 
Translation. Demy 8vo. Pp. xiii+270. (London, Bom- 
bay and Sydney: Constable and Co., Ltd., 1923.) 14s. net.* 

Sauvage, E. Production et condensation de la vapeur. 
(Grandes Encyclopédies industrielles.) Roy. 8vo. Pp. 
366. (Paris: J.-B. Bailliére et fils, 1923.) _ 35 francs. 

Scott-Taggart, John. More Practical Valve Circuits. 
Oblong Demy 8vo. Pp. 174. (London: The Radio 
Press, Ltd., 1923.) 3s. 6d. net. 

Shepherd, Edward C. M. Motor-car Mechanism 
and Management Simplified: with a Complete Section 
on Overhauling. Cr. 8vo. Pp. xiv+166. (London: 
Crosby Lockwood and Son, 1923.) 4s. 6d. net. 

Shepherd, James. Motor-body Building. (Cassell’s 
Workshop Series.) Ex. Cr. 8vo. Pp. 264. (London: 
Cassell and Co., Ltd., 1923.) 6s. net. 

Soulier, Alfred. Les Accumulateurs électriques : 
Comment sont faits les accumulateurs, comment on les 
recharge, comment on les entretient. Fcap. 8vo. Pp. 
200. (Paris: Garnier fréres, 1923.) 8 francs. 


Suckan, Charles A. The Supervision and Main- 
tenance of Steam-raising Plant. Gl. 4to. Pp. xx +342. 
(London: Ernest Benn, Ltd., 1924.) 36s. net.* 

University of London: University College. Depart- 
ment of Heating and Ventilating Engineering, Bulletin 
No. 1: Report of Research on the Effect of the Shape and 
Surroundings of a Hot Surface on the Radiation from It. 
Carried out for the Research Committee of the Institution 
of Heating and Ventilating Engineers, with the Aid of 
Grants from the Department of Scientific and Industrial 
Research, by Arthur H. Barker and M. Kinoshita. Demy 
4to. Pp. 67. (London: Institution of Heating and 
Ventilating Engineers, 1923.)* 

Varley, H. The Engineer’s Draughtsman. (Rout- 
ledge’s Modern Trade Book Series.) Demy 8vo. Pp. viii + 
189. (London: G. Routledge and Son, Ltd., 1923.) 5s. net. 

Woodhouse, Thomas. Jacquards and Harnesses : 
Card-cutting, Lacing and Repeating Mechanism. Med. 
8vo. Pp. xxii+429. (London: Macmillan and Co., Ltd., 
1923.) 25s. net.* 


Chemistry: Chemical Industry 


Bearn, J.Gauld. The Chemistry of Paints, Pigments, 
and Varnishes. Cr. 4to. Pp.x+277+11 plates. (London: 
Ernest Benn, Ltd., 1923.) 30s. net.* 

Berry, Pauline G. Chemistry applied to Home and 
Community: a Text-book and Laboratory Manual. 
Med. 8vo. Pp. xvi+534. (Philadelphia and London: 
J. B. Lippincott Co., 1923.) 15s. net. 

Bray, William C., and Latimer, Wendell M. A 
Course in General Chemistry: including an Introduction 
to Qualitative Analysis ; for Use in Colleges. Demy 8vo. 
Pp. ix+148. (New York: The Macmillan Co. ; London: 
Macmillan and Co., Ltd., 1923.) 7s. net.* 

Cohen, Julius B. Organic Chemistry for Advanced 
Students. Demy 8vo. Part 3: Synthesis. Fourth 
edition. Pp. vii+412. (London: E. Arnold and Co., 
1923.) 18s. net.* 

Deming, Horace G. General Chemistry : an Elemen- 
tary Survey emphasising Industrial Applications of 
Fundamental Principles. Med. 8vo. Pp.616. (London: 
Chapman and Hall, Ltd., 1923.) 17s. 6d. net. 

Department of Scientific and Industrial Research : 
Fuel Research Board. Physical and Chemical Survey of 
the National Coal Resources, No. 2: Interim Report on 
Methods of Analysis of Coal. Roy. 8vo. Pp v+z28. 
(London: H.M. Stationery Office, 1923.) 1s. 6d. net.* 

Department of Scientific and Industrial Research : 
British Association for the Advancement of Science. Fifth 
Report on Colloid Chemistry and its General and Industrial 
Applications. (With Index to the Five Reports.) Demy 
8vo. Pp. iii+130. (London: H.M. Stationery Office, 
1923.) 2s. 6d. net. 

Eastman Kodak Co. Aerial Haze and its Effect on 
Photography from the Air. (Monographs on the Theory 
of Photography, from the Research Laboratory of the 
Eastman Kodak Co., No. 4). Demy 8vo. Pp. 84. (New 
York: D. Van Nostrand Co. ; Rochester, N.Y.: Eastman 
Kodak Co. ; London: Kodak, Ltd., 1923.) 15s.* 

Fenton, H. J. H. Notes on Qualitative Analysis, 
Concise and Explanatory. New edition, revised. Cr. 4to. 
Pp. vii+202. (Cambridge: At the University Press, 

1923.) 10s. 6d. net.* 

Freundlich, H. Kapillarchemie: eine Darstellung der 
Chemie der Kolloide und verwandter Gebiete. Dritte 
Auflage. Pp. xv+1225. (Leipzig: Akademische Verlags- 
gesellschaft m.b.H., 1923.) 

Gibbs, William E. Clouds and Smokes: the Pro- 
perties of Disperse Systems in Gases and their Practical 
Applications. (Text-books of Chemical Research and 
Engineering.) Demy 8vo. Pp. xiii+240. (London: J. 
and A. Churchill, 1923.) ros. 6d.* 

Gill, Augustus H. A Short Hand-book of Oil 
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Lesure, André. Préparation et stérilisation des 
liquides injectables. 4¢ édition. Fcap. 8vo. Pp. 434. 
(Paris: Libr. Le Frangois, 1923.) 22 francs. 

Lovett, Robert W. Lateral Curvature of the Spine 
and Round Shoulders. Fourth edition, revised. Demy 
8vo. Pp. 217. (London: H. K. Lewis and Co., Ltd., 
1923.) 12s. 6d. net. 

Macewen, John A. C. Fractures, Compound Frac- 
tures, Dislocations, and their Treatment; with Sections on 
Amputations, Artificial Limbs, and Compensation for 
Injuries. Secondedition. Cr.8vo. Pp. xv +335. (Glas- 
gow: MacLehose, Jackson and Co., 1923.) 12s. 6d. net. 

Mingazzini, G. Le Afasie. (Collezione Bardi di 
Attualita della Medicina.) Cr. 8vo. Pp. 127. (Roma: 
G. Bardi, 1923.) 10 lire.* 

Paramore, R. H. The Toxemia of Acute Intestinal 
Obstruction; or, Vomiting as a Pathological Force. 
Demy 8vo. (London: H. K. Lewis and Co., Ltd., 1923.) 
5s. net. 

Peter, Luther C. The Principles and Practice of 
Perimetry. Second edition, thoroughly revised. Med. 
8vo. Pp. xii+281+5 plates. (Philadelphia and New 
York: Lea and Febiger, 1923.) 4 dollars. 

Placzek, Dr. The Sexual Life of Man: being an 
Outline for Students, Doctors, and Lawyers. Translation 
revised by W. C. Rivers. Cr. 8vo. Pp. xvi+233. (Lon- 
don: J. Bale, Sons, and Danielsson, Ltd., 1923.) 1os. 6d. net. 

Ross, J. Stuart. Handbook of Anesthetics. Second 
edition. Cr. 8vo. Pp. xvi+328. (Edinburgh: E. and 
S. Livingstone, 1923.) 8s. net. 

Saleeby, C. W. Sunlight and Health. Cr. 8vo. Pp. 
xv +178.. (London: Nisbet and Co., Ltd., 1923.) 5s. net. 

Schall, W. E. X-Rays: their Origin, Dosage, and 
Practical Application. Roy. 8vo. Pp. vi+119. (Bristol: 
J. Wright and Sons, Ltd., 1923.) 5s.* 


Smith, S. Calvin. Heart Records: their Interpreta- 
tion and Preparation. Pp. 313. (Philadelphia: F. A. 
Davis Co., 1923.) 7 dollars. 

Taylor, R. Tunstall. Surgery of the Spine and Ex- 
tremities. Pp. 550+x. (London: S. C. Phillips and 
Co., Ltd.; Philadelphia: P. Blakiston’s Son and Co., 
1923.) 7.50 dollars. 

Todd, James Campbell. Clinical Diagnosis by 
Laboratory Methods. New (fifth) edition. 8vo. Pp. 
762. (Philadelphia and London: W. B. Saunders Co., 
1923.) 28s. net. 

Walker, Kenneth M. Diseases of the Male Organs 
of Generation. (Oxford Medical Publications.) Demy 
8vo. Pp. xii+234. (London: H. Frowde and Hodder 
and Stoughton, 1923.) 12s. 6d. net. 

Walsh, William S. The Conquest of Constipation. 
Cr. 8vo. Pp. vii+265. (London: J. M. Dent and Sons, 
Ltd., 1923.) 5s. net. 

Williams, J. Whitridge. Obstetrics: a Text-book 
for the Use of Students and Practitioners. Fifth edition, 
revised and enlarged. Roy. 8vo. Pp: 1076+17 plates. 
(New York and London: D. Appleton and Co., 1923.) 
40s. net. 


Miscellaneous 


Anstey, Lavinia Mary, Compiled by. Index to 
Volumes 1-50 (1872-1921) “ Indian Antiquary.” Demy 
4to. Part 1: Authors’ Index. Pp. ii+50. 2 rupees to 
Subscribers; 4 rupees to Non-subscribers. Part 2: 
Subject Index; and Part 3: Illustrations. (In 1 vol.) 
Pp, 1i1+88+ii+10. 4 rupees to Subscribers; 5 rupees 
to Non-subscribers. (Bombay: British India Press; 
London : Bernard Quaritch, Ltd., 1923.) * 

Brown, Ernest William; Bumstead, Henry An- 
drews; Johnston, John; Schlesinger, Frank ; 
Gregory, Herbert Ernest ; Woodruff, Lorande Loss. 
The Development of the Sciences. Edited by L. L. Wood- 
ruff. Med.8vo. Pp. xiv+327+28 plates. (New Haven: 
Yale University Press ; London : Oxford University Press, 
1923.) 16s. net.* 

Brown, George E., Edited by. The British Journal 
Photographic Almanac and Photographer’s Daily Com- 
panion, with which is incorporated ‘‘ The Year Book of 
Photography and Amateur’s Guide,” and ‘‘ The Photo- 
graphic Annual,’ 1924. Sixty-third issue. Gl. 8vo. Pp. 
812, (London: H. Greenwood and Co., Ltd., 1923.) 
Paper, 2s. net ; cloth, 3s. net.* 

Corbett, Sir Julian S. History of the Great War: 
Based on Official Documents. Naval Operations. Demy 
8vo. Vol. 3. Pp. xiv+470. (London: Longmans, 
Green and Co., 1923.) 21s. net.* 

Darrow, Floyd L. The Boys’ Own Book of Science. 
Ex. Cr. 8vo. Pp. x+331. (New York: The Macmillan 
Co.; London: Macmillan and Co., Ltd., 1923.) tos. 6d. net.* 

Dyer, Luther H. The Problem of an International 
Auxiliary Language and its Solution in Ido. Cr. 8vo. 
Pp. 174. (London: Sir I. Pitman and Sons, Ltd., 1923.) 6d.* 

Fournier d’Albe, E. E. The Life of Sir William 
Crookes, O.M., F.R.S. Demy 8vo. Pp. xix+413+4 
plates. (London: T. Fisher Unwin, Ltd., 1923.) 25s. net.* 

Hewitt, Charles R., Edited by. The Medical Year 
Book, 1924. Cr. 8vo. Pp. 592+vi. (London: William 
Heinemann (Medical Books), Ltd., 1923.) 12s. 6d. net.* 

Hobson, R. L., and Hetherington, A. L., Selected, 
Described, and with an Introduction by. The Art of the 
Chinese Potter from the Han Dynasty to the end of the 
Ming: Illustrated in a Series of 192 Examples. Demy 
4to. Pp. xx+21+153 plates. (London: Ernest Benn, 
Ltd., 1923.) 147s. net.* 

Morgan, Alfred P. The Boys’ Book of Science 
and Construction. Imp. 16mo. Pp. xii+458+9 plates. 
(London: Jonathan Cape, 1923.) 7s. 6d. net. 

Rickard, T. A. Technical Writing. Second edition, 
rewritten and enlarged. Ex. Cr. 8vo. Pp. ix+337. 
(New York: J. Wiley and Sons, Inc. ; London: Chapman 
and Hall, Ltd., 1923.) 10s. net.* 

Shadwell, Arthur. Drink in 1914-1922: a Lesson in 
Control. Demy 8vo. Pp. xi+245. (London : Long- 
mans, Green and Co., 1923.) 10s. 6d. net.* 


| | 
| 
} 
| | 
| 
| 
| 
| 
| 
| 
} } 
| 
| 
} 
| 
| 
| 
3 
| 
| 
“| 
| 
| 
| 
- 
| 
| 
| 


Supplement to “ Nature,” December 29, 1923 i 


“ EDNEY ” 
THERMOGRAPHS «HYGROGRAPHS 


FOR INDUSTRIAL AND METEOROLOGICAL PURPOSES. 


NEW PATTERN “EDNEY”’ THERMOGRAPH, with pen worked directly off the thermometric 
coil. Range 0-120 or 30-150 F., mounted on strong metal base, with copper cover, and 
complete with charts for one year, £7. 

See Editorial Notice ‘‘NATURE,’’ July 8, 1922, page 52. 


IMPROVED “EDNEY" MERCURIAL HYGROGRAPH, giving exact wet and dry bulb readings. 
Range 0-120 or 30-150 F., or to order. Mounted on strong cast-iron base, with copper cover, 
complete with charts for one year, £16: 16s. 


Illustrated Descriptive List of above and other patterns of Thermographs and Hygrographs, 
post free from the Sole Manufacturers : 


PASTORELLI & RAPKIN 


Established 1750. Contractors to various Departments of H.M. Government. 
Actual Makers also of Thermometers, Barometers, Barographs, Hydrometers, and Standard Meteorological Instruments. 


46 HATTON GARDEN, LONDON, E.C.1. 


Any instrument sent on approval if desired. 
Carriage paid and safe delivery guaranteed of all Instruments within the United Kingdom. 
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MACMILLAN AND CO.’S NEW BOOKS. 


EIGHTY-SEVENTH THOUSAND. 


RUDYARD KIPLING’S NEW BOOK. 


LAND AND SEA TALES. For Scouts and Guides. By RUDYARD KIPLING, Commissioner, 
Boy Scouts, Pott 4to. 4s. net. 


Now Complete in Five Volumes. 


A DICTIONARY OF APPLIED PHYSICS 


Edited by SIR RICHARD GLAZEBROOK, K.C.B., D.Sc., F.R.S. 
In 5 Vols. Medium 8vo. Fully Illustrated. £3:3s. net each. Orders for the complete set of five volumes will be 
accepted through a bookseller at the price of £14: 14s. net, payable in advance. 


Vol. I. MECHANICS—ENGINEERING—HEAT. | Vol. IV. LIGHT, SOUND, and RADIO- 
» II, ELECTRICITY. LOGY. 
» Il. METEOROLOGY, METROLOGY, and | » V. AERONAUTICS, METALLURGY 
MEASURING APPARATUS. | —GENERAL INDEX. 
*.* Full descriptive Prospectus post free on application. 


THE SCHOOL SCIENCE REVIEW.—*“ A work of enduring importance. . . . The whole Déctéonary is a work 
of the utmost value, and more and more one realises how impossible it is that any reasonably equipped laboratory can 
afford to be without it.” 


J. M. KEYNES’S NEW BOOK. 
MONETARY REFORM. py JOHN MAYNARD KEYNES, Author of “The Economic 


Consequences of the Peace,” etc. 8vo. 7s, 6d. net. 
THE SPECTATOR.—* This is a very brilliant as well as a very important book.” 


THE OIL TRUSTS AND ANGLO-AMERICAN RELATIONS. py £ u. 
DAVENPORT anp SIDNEY RUSSELL COOKE. With Maps. Crown 8vo, 7s. 6d. net. 


THE ABERDEEN PRESS AND JOURNAL,—“ A valuable and thought-compelling contribution to the ‘ burn- 
ing’ controversy regarding the development and control of the world’s oil resources.” 


A TREATISE ON CHEMISTRY. E. ROSCOE, F.R.S., and C. SCHORLEMMER, 
F.R.S. Vol. Il. THE METALS. Sixth Edition, completely revised by B. MOUAT JONES, 
D.S.O., M.A., and Others. In two Parts. 8vo. 50s. net. 


THEORETICAL CHEMISTRY, FROM THE STANDPOINT OF AVOGADRO’S 
RULE & THERMODYNAMICS. By pProrsssok WALTER NERNST, Ph.D. 


Revised in accordance with the Eighth-Tenth German Edition by L. W. CODD, M.A. _ Illustrated. 
8vo. 28s. net. 


SECOND EDITION JUST PUBLISHED. 


AN INTRODUCTION TO ZOOLOGY THROUGH NATURE STUDY. wit 
Directions for Practical Work (Invertebrates) By ROSALIE LULHAM, B.Sc., Lecturer in 
Natural History at the Froebel Educational Institute. With Illustrations by V. G. SHEFFIELD. 
Second Edition. Crown 8vo. Ios. net. 


FOUR-FIGURE MATHEMATICAL TABLES. By FRANK CASTLE, M.I.Mech.E. 


8vo. Paper. Is. 


JACQUARDS AND HARNESSES, CARD CUTTING, LACING AND RE- 
PEATING MECHANISM. by THOMAS WOODHOUSE, Textile Expert and Head of 


the Weaving and Designing Department, Dundee Technical College and School of Art, Joint Author 
of “Textile Design,” and “ Jute and Linen Weaving.” With 402 Illustrations. 8vo. 25s. net. 


MANCHESTER GUARDIAN—« A remarkably full and able exposition of an intricate subject.” 


MACMILLAN & CO., LTD., LONDON, W.C.z2. 


4. 
| 
3 i 
| 
at 
ay 
* 
| 
_ 
2 
2 


Supplement to “ Nature,” December 29, 1923 xi 


Hi. K. 


& CO. LTD. 


BOOKSELLERS & PUBLISHERS, 


136 GOWER ST., 


24 & 28 Gower Place, 
LONDON, W.C. 1. 


District Railway : Euston Square Station. 
All Tube Railways: Warren Street. 
Telephone : Museum 1072. 


Technical, 


LEWis SGIENTIFIC BOOKS 


Complete Stock of Works and Text-books in all branches 
of General, 
AND | Classified List of Scientific, Technical and Industrial Books, post free. 
All books in General Literature also supplied. Periodicals at subscription rates. 


SPECIAL FACILITIES FOR EXECUTION OF ORDERS FROM ABROAD. 
Effectually protective packing used without charge. 


and Medical Science. 


LARGE STOCK OF SECOND-HAND BOOKS 
Always available at 140 GOWER STREET. ‘Phone: Museum 4931. 


OXYGEN 


And other Gases. 


The British Oxygen Co. have works for the production 
of Oxygen, Nitrogen, Carbonic Acid, Nitrous Oxide, 
Hydrogen, and Argon in all chief industrial centres. 


The Company’s Plants are capable of an aggregate out- 
put of about three million cubic feet per day. 
Special Terms quoted to the Trade. 


Catalogue and full particulars on application to the Head 
Offices of the Company— 


THE BRITISH OXYGEN CO., Ltd., 
ANGEL ROAD, UPPER EDMONTON, 
LONDON, N.18. 


SOTHERAN’S CATALOCUE OF SCIENCE AND TECHNOLOCY. 

Recently published: Part II, containing Mathematics (pp. 
128). Now ready: Part III, containing Astronomy, Geodesy, 
Chronology, Horology, and Dialling (112 pages). In preparation: 


Part IV, containing Physics, Microscopy, Meteorology, Physical 
Geography, and Geology (ca. 180 pp.). 


Messrs. Sotheran, who have opened a special Scientific Department at their 
Strand House, are always ready to buy libraries or smaller collections of books 
O07 exact science, as well as sets of scientific periodicals, They invite corre- 
spondence in connexion with books rare and difficult to get. 


HENRY SOTHERAN & CO., 140 StrRanp, W.C.2, & 43 PiccaDILLy, W.1, LONDON. 


THE IRISH NATURALIST. 
A Monthly Journal of Irish Natural History. 
Price Is. 


Edited by R. LLOYD PRAEGAR, D.Sc., C. B. MOFFAT, B.A., 
and R. J. WELCH. 


Annual Subscription, 10s. Post Free to any Address. 


Dublin: EASON & SON, Lrp., 40 Lower Sackville Street 
(to which Address Subscriptions should be sent). 


TELESCOPES 


3’ ASTRONOMICAL AND LOOK-OUT TELESCOPE, 


on Table Stand, 


3’ STANDARD ASTRONOMICAL TELESCOPE, with 


Eyepiece, New, £6: 10s. 
34’ TELESCOPE, as New, £30 
STEWARD ‘LORD BURY” PORTABLE TELE-~ 
SCOPE, £3. 
ROSS 23” 3-DRAW SLING TELESCOPE, £2: 10s. 


MICROSCOPES 


SWIFT MODEL, 3”, 0.i. £17: 10s. 
SOCIETY OF ARTS, Student's Pattern, from £2, 


Lists of Telescopes, Microscopes, Binoculars, etc., on request. 


BROADHURST, CLARKSON & CO., 
63 Farringdon Road, London, E.C.1 
*Phone: HOLBORN 2156. 


W. OTTWAY & Co. Ltd. 
(Established 1640) 
Actual Makers of Astronomical and Terrestrial Telescopes 


STAINLESS STEEL MIRRORS AND FLATS 
for Reflector Telescopes; no silvering required. <A 
permanent highly polished surface guaranteed. 

Surplus stock of 14’ and 2”, godegree REFLECT- 
ING PRISMS made from the best Optical glass 
flat surfaces; guaranteed highest quality. 14”, 
£1 5 O. 2”,£115 O. 

All types of Astronomical Telescopes, Eye- 
pieces, Equatorial Mountings, etc. Pamphlets 
post free on application. 

Orion Works, 


Ealing, London, W.5. 


DUSTLESS ROOMS 


On all Laboratory, Library, Museum, School, &c., 
Floors and Linoleums of every description 


st FLORIGENE= 


DURING the VACATION for BEST RESULTS 
| It is IMPORTANT TO NOTE that ONE APPLICATION of 

} “ Florigene " ALLAYS the DUST and DIRT for 2 to12 months, | 
| according to traffic, not only during each Sweeping (without | 
| 
| 


Sprinkling of any kind), but also throughout all the intervening | 


Send for Particulars, Medical Reports, and Testimonials to the Sole Makers 


The DUST-ALLAYER ” Co. 
4 VERNON PLACE, BLOOMSBURY, LONDON, W.C.1. 


Contractors to Admiralty, H.M. Office of Works, Colonial Govts., L.C.C., etc. 


CHEMICAL 
APPARATUS 


AND 
CHEMICALS 
Lists free on 
application 


24 THAVIES INN, 
HOLBORN CIRCUS, 


LONDON, E.C.1 


CHEMICALS Organie & Inorganic 
VOLUMETRIC SOLUTIONS, MINERALS AND ORES 
CHEMICAL APPARATUS 
Flasks, Beakers, Test Tubes, Reagent Bottles, Funnels, 
Porcelain, Basins and Crueibles, Filter Papers, ete., and 
GRADUATED APPARATUS 
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For ascertaining easily 
and accurately the 
Lubricating Value of Oils 


also the Oiliness, or Efficiency, 
by determining the Static Friction 
between any desired Metals. 


(PATENT) 


Descriptive Pamphlet of the Machine, 
stating the principles upon which it 
is based, together with directions for 
testing Oils, will be forwarded on 
application tothe Sole Manufacturers: 


J.H.STEWARD, Ltd., 


Scientific Instrument Makers, 


406 & 457 STRAND, 
LONDON, W.C.2. 


ESTABLISHED 1852. 


(INCORPORATING FREDK. R. BUTT & CO., LTD.) 


DESIGNERS AND MANUFACTURERS OF 


TRANSFORMERS, 
INDUCTION COILS, 
VACUUM TUBES, etc. 


11 Torrington Place, Gower Street, 
London, W.C. 1. 


Telephone: MUSEUM 8121 (3 lines) 


SECOND-HAND TELESCOPES 


4-inch Watson “ Royal Century,” finder, day and 3 astros., and dew 
shade, in mahogany case. Equatorial with 6-inch divided (brass) circles, 
on massive adjustable stretcher stand. £ 


4-inch Browning, finder, day and 3 astros., in mahogany case, 
tall stand. £22 10 O 
3}-inch Watson, with finder, 1 day and 2 astros., in case. with tall 
stand. 2. 

3-inch Watson ‘“ Century,” with finder, 1 day, 3 astros., and dew 
shade, in case, and tall outdoor trunnion stand. £21 00 
3 inch ollond “Student,” with finder, 3 astros., mounted on tall 
trunnion stand. £18 10 0 


3-inch (full aperture) Wray Object Glass, telescope mounting by 
Lancaster, finder and vertical rack, 1 day, 2 astros., and diagonal, on 
tall stand. : £17 10 0 
3-inch ‘* Student,” 1 day, 1 astro., on pillar and claw stand, in case. 
5 0 
Many others by all makers; lists on application. 


CLARKSON’S, 338 High Holborn, London, W.C.1. 
Opposite Gray's Inn Road. (The Original Firm.) Phone: Holborn 2149. 


ing 


post free on request. 
OGILVY & CO. 
(British Agents for E. Leitz) 
18 BLOOMSBURY SQUARE, LONDON, W.C.1 


eitz 
METALLURGICAL MICROSCOPES 


Metallurgical Microscope 

MM, with camera, for visual 

observations and photomicro- | 

graphy, having new vibration 
absorber. 


Suitable for all magnifications. 


Catalogue 46B (Parts I. and II.) 


PRINTED IN GREAT BRITAIN BY R. & R. CLARK LTD.. EDINBURGH. 
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NOW READY 


THE ELECTRON IN CHEMISTRY 


BEING FIVE LECTURES DELIVERED AT THE 
FRANKLIN INSTITUTE, PHILADELPHIA 


By Sir J. J. THOMSON, O.M., F.R.S. 


Master of Trinity College and Professor of Sepstionetal Physics 
in the University of Cambridge. 


144 PAGES, ILLUSTRATIONS, INDEX, OCTAVO 
BOUND IN CLOTH 
Price, $1.75. Carriage extra. 


Address inquiries and orders to 
THE FRANKLIN INSTITUTE 
PHILADELPHIA, U.S.A. 


IMPORTANT BOOKS 


ECONOMICAL PRODUCTION 
OF SCIENTIFIC PERIODICALS 
AND BOOKS 


ADLARD & SON & WEST NEWMAN, Lro. 


Printer-~Publishers 


23 BARTHOLOMEW CLOSE, LONDON, E.C.1. 
Country Works at Dorking. 


TECHNICAL WRITING. 
By T. A. RICKARD. 


The demand for this book has warranted the prepara- 


tion of a second edition. It has been almost entirely 
rewritten and valuable chapters have been added. It 
emphasises the importance of taking pains in writing 
with a view to awakening intelligent interest among 


technical men in the proper use of language. 


Second edition. 346 pages. Cr. 8vo. Price 10s, net. 


DETAILED 
PROSPECTUSES 
FREE ON REQUEST 


ENGINEERING SCIENCE. 
A TEXTBOOK FOR ENCINEERS AND ENGINEERING STUDENTS. 
By ARTHUR G. ROBSON, A.M.I.Mech.E. 


Covers in one volume the fundamentals of mechanical 


engineering, including Me clink s, Hye irauli¢ s, and the 
Theory of He at and Heat Engines. It has been « deeme -d 
of the greatest pane aah that the theoret ical work 
should be « by xpe riment, and the 
examples are so chosen that tthe reader is continually 
interested by the obvious practical app Pe ation. 

Demy 8vo. 213 page 185 figures. + 7/6 net. 


CHAPMAN & HALL, LTD. 


11 HENRIETTA STREET, LONDON, W.C.2 


IONIUM 


Permanent Alpha Ray Activity 


RADIO-LEAD 
MESO-THORIUM 


Glew’s Scintilloscopes charged with IONIUM, 
RADIUM, MESO-THORIUM, or ACTINIUM, 
7s. 6d. each. 


Scintilloscopes showing Double Scintillations 
Thorium “A,” 15s. each. 


F. HARRISON GLEw, 
156 CLAPHAM ROAD, LONDON, S.W.9. 


RADIANT ELECTRIC 


FOR LABORATORY USE 
and for general heat treatment purposes 
from 100 to 1000 degrees Centigrade. 
Suitable for Enamelling, Ceramics, Steel- 

hardening and Case- hardening. 
Prices from 7Q/= 
Standard sizes inside. 

3” 600 Watts. 

4” x4’x6” 900 

1100 


R. M. CATTERSON-SMITH 


8 & 9 Regnart Buildings, Euston St., London. 


Midlands: JOHN LLOYD & SONS, 
12 Frederick Street, BIRMINGHAM. 


AN IDEAL NEW YEAR PRESENT 
FOR SCIENCE STUDENTS AND WORKERS 


A Subscription to NATURE 
A New Volume will begin next 5. 


OrFicE OF NATURE, St. Martin’s STREET, Lonpon, W.C.2 


Yearly to residents in Great Britain, £2 : 12s. 


Abroad, £2: 17s. ) 
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OXFORD 
TECHNIGAL PUBLICATIONS 


PHYSICS. IN “INDUSTRY. By Prof. ARCHIBALD Barr, 
Sir JAMEs A, Ew1nc, and C. C. PATERSON. 2s, 6d. net. 
“ These interesting lectures are worthy of the wider publicity which their 
issue in this convenient form gives them.”—-Brit. Non-Ferrous Met. Kes. 
Assoc. 


PREVENTION OF VIBRATION AND NOISE. 
By A. B. Eason, M.A., Assoc.M.Inst.C.E. Demy 8vo. 
Cloth. Fully illustrated. 15s. net. 

“* Quite the best book on this little-known subject I have seen.”—O. F. 
in Concrete and Constructional Engineering. 


FLAVOURING MATERIALS, NATURAL AND 
SYNTHETIC. By A. CLARKE. Cr. 8vo. Cloth. 
8s. 6d. net. 


“A good example of what technical literature of this kind should be.” 
Nature. 


POWER ALCOHOL: ITS PRODUCTION AND 
UTILISATION. By G. W. Monier-WILtiAMs, M.A., 
Ph.D., F.I.C. Demy 8vo. Cloth. Illustrated. 21s. net. 


good volume by a writer of experience.” —Engincering. 
VARNISHES AND THEIR COMPONENTS. By 


R. S. MorRELL, M.A., Ph.D., F.1.C. Demy 8vo. Cloth. 


Illustrated. Pp. xii+ 362. 25s. net. 
“The author blends very high chemical attainment with great experience 
in varnish Technology.”—Chem. Trade Journal. 


MODERN ELECTRO-PLATING. By W. E. HuGurs, 
B.A., D.LC., etc. Royal 8vo. Cloth. Photomicrographs. 
16s. net. 

Write for complete Technical List. 


HENRY FROWDE AND HODDER & STOUGHTON 
The Lancet Building, 
1 Bedford Street, Strand, London, W.C.2. 


THE *“ DAVON” PATENT 


IN METALLOGRAPHY 


EXTRACT FROM PAPER READ BEFORE THE 
SHEFFIELD METALLURGICAL SOCIEry, NOVEMBER 
13, 1923, BY F. RoGers, D.Eng., B.A., M.Sc. 


‘“*A few examples at x2500 are shown. For practical 
purposes they are of critical definition. The definition shown 
in the examples at x 3500 are comparable with those at x 2500. 
The obtaining of such excellence is sufficient to prove that 
the system is capable of remarkable work. Photographs at 
x 5000 and one at x 7500 are also shown. These, while not 
of quite critical definition, are yet of substantial interest, and 
they appear to me to confirm thoroughly the opinion that the 
system is reliable, and that even further investigation of its 
capabilities is warranted.” 

The photographs referred to were all taken with a +s 
Fluorite o.g. N.A. 1-3 by an amateur. 


Brochure “‘ C,”" containing full reprint of paper 
and photographic reproductions, post free from 


F. DAVIDSON & CoO., 
Manufacturing Opticians, 


29 GREAT PORTLAND STREET, LONDON, W.!1. 


COMPLETE 
LABORATORY 
EQUIPMENT 


CHEMICAL + PHYSICAL 
BACTERIOLOGICAL 


CHEMICAL AND GRADUATED 
GLASSWARE | 


{ PORCELAIN 
| KanLBAUM'S CHEMICALS | 


| RESEARCH axp TECHNICAL PURPOSES } 


YY 


JOHN J. GRIFFIN & SONS, LTD. 


KEMBLE STREET, KINGSWAY, LONDON, W.C.2. 


=. 


NEW B-S SPECTROGRAPH 


RCLLINCHAM STANLEY 
LONDON 


Small Quartz Spectrograph 
with all-metal frame. 


Full particulars and sample spectrum 
photograph from the Makers: 


BELLINGHAM & STANLEY Lita. 
71 HORNSEY RISE, 
LONDON, N.19. 


Tel. Hornsey 2270. 
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Telephone : NORTH 1677-8. 


ADAM HILGER LTD. 


Catalogues of our existing scientific instru- 
ments, and of new ones added from time to 
time, will be sent to any one asking to be 
placed on our mailing lists for Physical, 
Chemical, or Engineering apparatus. 


75a CAMDEN ROAD, LONDON, N.W.1 


(Entrance : 24 Rochester Place—adjoining) 


Telegrams : SPHERICITY, PHONE, LONDON. 


If the bonus lately declared continues 
uninterruptedly an assurance at 
death will be doubled after 37 
years and trebled after 55 years. 
An assurance of £1,000 costs 


£27 or £34 a year to men 
aged 30 or 40 next birthday 


‘respectively. 
Equitable Life 
Assurance Society 


Mansion House Street, London, E.C.2. 
W. Palin Elderton, Actuary and Manager. 
No Shareholders No Commission 


PETROLOCICAL MICROSCOPES 
R. WINKEL, GOTTINGEN 


STAND IIIM 


Pamphlets on request. 


SOLE DISTRIBUTORS : 


J. W. ATHA & CO. 
8 Southampton Row, London, W.C. 
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MACMILLAN & CO.’S RECENT BOOKS. 


AN INTRODUCTION TO THE STUDY OF THE COMPOUNDS OF CARBON 
OR ORGANIC CHEMISTRY. sy IRA REMSEN. Revised and Enlarged with the 
Collaboration of the Author by W. R. ORNDORFF, Ph.D., Professor of Organic Chemistry, 
Cornell University. Crown 8vo, Ios. net. 


A TEXT-BOOK OF ORE DRESSING. sy s. J. TRUSCOTT, A.R.S.M., M.I.M.M., Pro- 
fessor of Mining at the Imperial College of Science and Technology (Royal School of Mines). 
With Illustrations. Medium 8vo. 4os. net. 
ENGINEERING AND MINING JOURNAL,—‘‘ We can safely say that it is the best book on ore dressing 
now available.” 


SECOND EDITION. 


BOTANY OF THE LIVING PLANT. ByF. o. BOWER, Sc.D, F.R.S., Regius Professor 
of Botany in the University of Glasgow. Second Edition. Illustrated. Medium 8vo. 253s, net. 


THE SCHOOL SCIENCE REV/IEW.—* Avery special feature is the excellence and abundance of the illustrations ; 
many of these have been specially prepared for this work. The text is not written to any syllabus, but the masterly 
presentation makes it a book which no school library or advanced class can afford to do without.” 


HEREDITY IN POULTRY. By REGINALD CRUNDALL PUNNETT, F.R.S,, Professor of 
Genetics in the University of Cambridge, Author of ‘“‘ Mendelism.” With Illustrations in Colour and 
in Black and White. Crown 8vo, Ios. net. 


NA TURE.—* To the poultry-breeder this book is indispensable, for it gives a concise picture of all that has been 
done by the geneticist working with poultry up to the end of 1922, and no poultry-breeder can afford to disregard the facts 
with which the book is crammed.” 


SECOND EDITION, THOROUGHLY REVISED. 


A TREATISE ON BESSEL FUNCTIONS AND THEIR APPLICATIONS TO 
PHYSICS. ny ANDREW GRAY, F.R.S., and G. B. MATHEWS, F.R.S._ Second Edition 
prepared by A. GRAY and T. M. MACROBERT, D.Sc. 8vo. 36s. net. 

SECOND EDITION, COMPLETELY REVISED. 


INTRODUCTION TO THE THEORY OF FOURIER’S SERIES AND 


INTEGRALS. by H. S. CARSLAW, Sc.D. (Cambridge), D.Sc. (Glasgow), F.R.S.E. Second 
Edition, completely revised. 8vo. net. 


A TREATISE ON THE INTEGRAL CALCULUS. wit Applications, Examples and 
Problems. By JOSEPH EDWARDS, M.A., Principal of Queen’s College, London. 2 Vols. 8vo. 
Vol. I. net. Vol. II. net. 


MATHEMATICAL TABLES. sy G. H. BRYAN, Sc.D., F.R.S., Professor of Mathematics in 


the University College of North Wales. 8vo. Paper. 3s. 6d. 
SHOP MATHEMATICS. by JOHN M. CHRISTMAN, formerly Supervisor of Mathematics, 


Ford Motor Apprentice School. Illustrated. Crown 8vo. Ios. net. 


JOURNAL OF EDUCATION.—<* This is a practical handbook by a former supervisor of mathematics at the Ford 
Motor Apprentice School. It should be particularly suitable for technical schools and continuation classes... . The 
illustrations are excellent and make the book good value for its price.’ 


PARTS II. AND III. JUST PUBLISHED. 
A TEXT-BOOK OF PHYSICS FOR THE USE OF STUDENTS OF SCIENCE 
AND ENGINEERING. By J. DUNCAN, Wh. Ex. M.I.Mech.E,, and S. G. STARLING, 
B.Sc, A.R.C.Sc, Parts II. and III.: HEAT AND LIGHT, 6s. 


*,* Previously published. Complete, 18s. Also in parts: D pane, 6s.; Heat, Light, and Sound, 7s. 6d.; Mognetion 
and Electricity, 5s. ; Heat, 4s. ; Light and Sound, 4s. 6d. 


NEW IMPRESSION WITH ADDITIONS, 


MACHINE CONSTRUCTION AND DRAWING. By FRANK CASTLE, M.I.M.E. 
Globe 4to. 7s. 6d. 


THE TECHNICAL JOURNAL.—“ The diagrams are clearly reproduced, and are of reasonable size on good paper. 
The book contains much matter useful to both teachers and students.” 


MACMILLAN & CO., LTD., LONDON, W.C.2. 
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FLATTERS, MILBORNE & M°KECHNIE | | RHEINBERC DIFFERENTIAL COLOUR ILLUMINATION 


Complete set of 12 Colour Discs and Rings, 33s. 6d 
SCIENTIFIC PHOTOGRAPHERS AND MICROSCOPISTS Grainiess Photography. Filmless Photography. 
RHEINBERG STACE AND EYEPIECE MICROMETERS 
New Stage Micrometer, 2 m/m in 200 parts, numbered. 
Photographic Work in every branch of Natural Science Chessboard Eyepiece Micrometers. 
From all Leading Optical Firms. 


RHEINBERG & Co., 57-60 Holborn Viaduct, London, E.C.1. 
LANTERN SLIDES.—Lecturer’s Slides from Books, Stock list of standard articles on application. 


Drawings, etc., ready for Lantern, 18s. doz. From Contact 
Negatives, supplied, 10s. doz. Reduced from Large Tih 
Negatives, 12s. doz. THE LABORATORY, PLYMOUTH. 


-- The following animals can always be supplied, either living 
or preserved by the best methods :— 


Lantern Slide Catalogue “ B” Post Free.—One Shilling, Sycon; Clava, Obelia, Sertularia; Actinia, Tealia, Caryophyllia, Alcy- 
onium; Pleurobrachia (preserved) ; ; Leptoplana; Lineus, Amphiporus, 
Micro Slides, see Catalogue A. Nereis, Aphrodite, Arenicola, Lanice, Terebella;  Lepas, Balanus, 


e Gammarus, Ligia, Mysis, Nebalia, Carcinus ; Patella, Buccinum, Eledone, 
16 & 18 Church Rd., Longsight, Manchester. Pectens, Bugula, Crisia, Pedicellina, Holothuria, Assterias, Echinus, 


Salpa (preserved), Scyllium, Raia, &c., &c. 
For prices and more detailed lists apply to 


Biological Laboratory, Plymouth. THE DIRECTOR. 
TO NATURALISTS 
OLD PLATINUM, GOLD, 
57 Haverstock Hill, London, N.W.3 
Largest stock in the world of BIRD-SKINS AND Dental Alloy, Scrap, Ye, 


EXOTIC LEPIDOPTERA. Price Lists post free. Purchased for Cash or Valued. 


Branch for the supply of Cabinets, Apparatus, Books, SPINK & SON, Ltd., 


British Lepidoptera, etc., 25 Cromwell Place, 8. W.7. 
17 & 18 PICCADILLY, LONDON, W.1. 
EST. 1772. 


SCIENTIFIC APPLIANCES Fine Jewels or Plate also purchased or valued. 


Electrical, qty ratus, G. C. DYMOND, F.1.C.P.A. A. E. POTTS, F.1C.P.A. 
Motors, Insulated Wires, Batteries, Relays, WIR Less ADIO 
Parts and Fittings, oye stals, Valves, ‘Phones, Condensers, New W. P. THOMPSON & CO., 
Duros New c Clocks, many CHARTERED PATENT AGENTS, 
Li Pri Mat 
Electrical and Scientific Instruments. /u/l /ilustrated List and 50 LINCOLN’S INN FIELDS, LONDON 
od. post free. See ou: and or write us. In centre of 
ond on—T ingswa 
SCIENTIFIC APPLIANCES, 11 & 29 SIDILIAN AVENUE, Lonoow, w.c.1. | | 2: V: ARMSTRONG, R-P.A. 


NOTICE. 


The charges for Subscriptions to ‘‘NATURE” are: 


British Isles, Abroad. 

a. & 
Half-yearly (26 Nos.) - 16 0 110 O 
Quarterly (13 Nos.) . 13 16 


Including the Two Half- Yearly Indexes and all Supplements. 


The Advertisement rates are: 


Lh 
Page . y 8 8 
Quarter-page . 26 0 
Sixteenth-page . 12 6 


Special Rates for Series upon Application. 


The charges for Official Advertisements and “smalls” are 2s. 6d. for the first two lines in 


column, and 9d. each additional line. The sum of 6d. is charged for the re-direction of replies to 
advertisements with a Box No. 


*,* Advertisements should reach the Publishers by the Saturday prior to the issue in which they are to appear. 


MACMILLAN & CO., LTD., St. Martin’s Street, London, W.C.2. 
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BECK MODEL 22 
“LONDON ” MICROSCOPE | 


This instrument has been pro- Z 
duced at a moderate cost expressly =>" 
for students. It is simple in design 
but first-rate in quality. The size 
has not been reduced, the stage 
measuring 4” x 34”, the fine adjust- 
ment is an excellent pattern, the 
whole instrument being finished 
black. There are three forms, 
z.e. with plain stage, with 
spiral swing-out substage, and 
with rack and pinion swing- 
out and centring substage. 
Price, with plain 
Stage, 1 eyepiece, # and 
$ object glasses, 


£8 17s. Gd. 


LTD. 


With spiral swing- 
out focussing sub- 
Stage, I eyepiece, 
# and 4 object 
glasses, Abbe con- 
denser, and iris dia- 
phragm, 


£11 Ss. Od. 


ISENTHAL & CO. 


Contractors to the Admiralty, War Office, India Office, Colonéal Office, Postmaster-General, &c. 


Denzil Works, Willesden, London, N.W.10. 


Complete description on application. 


R. & J, BECK, Lro., 68 Cornu, Lonoon, E.C.3. 


LABORATORY RESISTANCES 


DARK GROUND ILLUMINATION —GREATLY INCREASED EFFICIENCY. 
Mr. E. M. NELSON'S CASSEGRAIN DARK GROUND ILLUMINATOR. 


It is unique in construction, and has potentialities greatly in excess of anything hitherto available for Dark Ground work. 


It gives a black background with any Oil Immersion Objective of 1-30 N.A. or less. No funnel stop is necessary. The 
whole working efficiency of the lens can be used. 


Compared with the possibilities of former Dark Ground Illuminators, the resolving power is increased by about 25 per cent. 


It is not so sensitive to the thickness of slip as the usual patterns, and it can be effectively illuminated with an oil lamp 
or ordinary electric bulb. 


Price of the optical part to fit the ordinary Abbe Illuminator Carrier :— 
£2 15 O 
Pamphlet giving full particulars of above will be sent post on request. 
Sole Makers: 


W. WATSON & SONS, LTD., 313 HIGH HOLBORN, LONDON, W.C.1. 
ESTABLISHED 1837. WORKS : BELLS HILL, HIGH BARNET. 


SPENCER MECHANICAL STAGE 


offers the most practical and convenient method for handling slides under ex- 
amination. It is attachable to any rectangular stage. 


Perfect control of the slide is afforded by two diagonal cut-rack and pinion 
movements. acting at right angles to each other. Verniers are provided for 
reading exact positions. The range of movement is ample to cover the entire 
area of the standard slide, 25 x 75 mm. 


No. 485 No. 490 is built on similar lines, but will accommodate slides 50 x 75 mm. 


STANDLEY BELCHER & MASON, Ltd. Church Street, Birmingham. 


Printed in Great Britain by R. & R. Clark, Lrp., Brandon Street. Edinburgh, and published by MacmiLtan & Co., Limitep, at St. Martin's Street, 
London, W.C.2, and THz Macmi.ian Co., 66 Fifth Avenue, New York.—Saturpay, December 29, 1923. 
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